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) R - PREFACE -
A major. portion of the Naval Training Equlpment Center s

'Avidtion Wide Angle Visual System (AWAVS) program involves
behavioral research to provide a basis for establishing de51gn

. criteria for flight trainers. Because a large numbér of vari-
ables will be investigated, ,conslderab;e‘attentlon has been

given to the methodologies appropriate for handling a problem

‘of this complex1ty Dr. Charles W. Simor has,'since 1970, been
studying ways in which the quality and usefulness of behavioral
research cah be improved through techniques that greatly increase
the amount of information obtainable from a given amount of data.
This contractor report summarizes his views to date concerning
the application of these "advanced experlmental methodologies™
to the AWAVS program.

Many Of Dr. Simon's technical reports, listed in the Ref-
erences, have not been widely distributed (although most may be
. obtained through the Defense Documentdtion Center or National -
Technical Information Service). Therefore, it is hoped " that
this report will be of benefit not only to those interested in
the AWAVS program but also-to those who have not yet been exposed
tor his work. Altholigh not expressly intended as a primer for -
those unfamiliar with the research paradigm Dr. Simon advocates,
‘portions of this report should be helpful to the new reader. In
partlcular, i:?tlon II discusses the advantages of the multifactor
approach toO search, and Section V provides an 1llustrat1ve ex-
ample. A GlOSsary has also ‘been provided. .
The aSslStance of Dr. Daniel P. Westra is gratefully acknow-
ledged for his critical review of this report and for hlS helpful

suggestionsS. - o
. - . 'Sgié (‘_/LLA'/ k" ) /(., . 3 !

; Stanley C. Collyer
“ Sc1ent1f1c Offlcer
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SECTTON T .
INTRODUCTTON : .

The Naval Training Equipment Center is building a sophistica-
ted pilct training simulator which focuses on advancing the state--
of-the-art of. the visual,system. . The aviation wide angle visual
system (AWAVS) along with a siy-deyrecs-of-freedom motion system
'cdmbine~to provide a highly versatile simulator on which complex
behavioral research @em be performed. Initially, the primary
purpose of ‘such research will be to examine and optimize the sim-
ulator parameters .for pilot training in specific ‘carrier-landing
tasks. The larg= number of parameters.that must ve irvestigated
requires the use of advanced experimental methodologies- for
studving many factors economically. A discussion of philosophy,
strategy, and. teghmiques that might be employed®on this program
represents the basis for this report. L

< ~

Two types of investigations hlve beed.proposed_for research
on the AWAVS simulator. These will be referred to as e
"performance" experiments and "transfer" experiments. A "per- \f
formance" experiment is ‘one that measures opexator/systém
performance under one set of conditions, presumably uninfluericed
by any other conditions. Measurirg, pilot performance. in an
aircraft under drfferent'instrument,conditions or in a simulator
with different configurations could be an example of this type

.

-of experiment. A "transfer" study is one in whic¢h the interest

.- is in the residual effect that ,practice on one set of conditions
has on the performance of a second set of conditions which . =
follows it in-time. -In this report,. two classzes of "transfer"
experiments are defined. =A-"real transfer" (referred to as

~ "transfer")- expeyiment for the AWAVS task is one in which the

. training occurs in the simulator while the test of residual
transfer occurs in fliyht in an aircraft. A "quasi-transfer"
experiment for the AWAVS task is one in which both pilot training
and fransfer testing (representing flight) occurs in the '
simulator. S ' ;

Previous work on this program had emphasized the plarning

of the verformance experiments, the type to be performed first
when the AWAVS sinulator is operational. In this report, more
empnasis 1is pla~=ed on developing new and economical ways in

_whizh transfer experiments might be performed, to enhance the

pragmatie value of results from such experiments. !

) This report is not a review of the literature. . Its purpose
is to increase the understanding of thS&e less familiar with
"advanced experimental methodologies" as they might be applied

-to- the AWAVS program. It will also briefly summarize the con-
ceptualization of new, ecopomical approaches that might be

" ‘employed to aid in the understanding and measure of transfer

. of training for the carrier-landing task. .Detailed explana- |
tions will be avoided here. For a background in "advanced

. experimertdal methodologies," the reader nmay wish to refer to
reports prepared by Simon (1970 through 1977). -

[ -‘. - .,,,.._, . . .




The followiny topics. will e treated in ‘this.report:
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A multifactor philosophy for AWAVS ekperimenfs

TAWAVS performance 51mulator experlments

Refining econOmlcal mul ifactor d951qns

Applylrg economlcal multlfactor designs to
AWAVS performance .experiments -- an example

\———-—-

L

Quasi- transfer experlmehts

Economical .data collectlon plans for transfer,

of tralnlmg in the AWAVS 51mulator
Some unflnlshed bUSlness - measurement and
—crlterla. ¢

-

-
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SECTION II

A MULTIFACTQR PHILOSOPHY FOR AWAVS EXPERIMENTS

’ » ‘.

, The philosophy of AWAVS experiments differs from that -
employed in other training simulation design and transfer of
training experiments. Fo, the AWAVS studies, a "holistic"
philosophy has been ac3epted as categorically imperative.

This ‘philosophy espouses the need to include in experiments,
during the factor identification and function development _
phases of a research program, as many - factors as -possible that’
are believed critical %o the particular operatidnal ‘tassx under
investigation. The more one is 'able to -achieve this goal, .
the less-likely the data will be biased, :he more accurgtely "
laboratory data will predict the operational sjituation, and

the more readily a guantitative, modular data base for ' "
applicaticn to future problems can:be built (Simon,-1977b) .
Until-=attention was focused on the various techhiques and

- paradiums for conducting systematically controlled large ‘scale
multifactor experiments economically, the size of the effort-
was a limiting feature to this holistic philosophy. The
general approach that is proposed for the -AWAVS experiments
makes this no longer a critical consideration. - * . -

The novelty of the proposed approach lies primarily in

the. econumical patterns -- both’spatial ahd temporal -- employed-
in selecting the points forming the simulation space that
eorresponis tu those in an operationdl situation. Advanced:
“techniques are also used to keep the information of primary ]
interest unconfounded with effects- from irrelevant: sources and.
to do so without disrupting the economy of the effort. The
quantity and quality of:information “from this multifactor
approach in almost every respect exceeds that obtained by,
- other technique$-used by psychologists employing the same
amount of resources. , :
2 ' ’ - . ) "_. 'X/

[

‘THE REDUCTIONISTS - ;

. That some do not fully adhere to this philosophy in the
conduct of behavioral research is evidenced by a report ;ecehtly
- prepared by a working group of the Vision Committee of the
~NAS-NRC. _For pllot training fesearch;at”Williams”Air;Force,M
Base, this group recommended ways "to increase the:effective-~
ness of experiment
number one recommendation was: L e
. { .. Simplify the experimental design whenever =
' " possible. Attempt to identify the major . )

parameters with exploratory studies and~.  <.7:

then examine these parameters$ one .at a, ./

time rather than wusing a wultifactor design.
*  (NAS-NRC, 1976, .p.9) - Lo '

> . ’ -

w

- o . RS ¥ 35
: B

o

ts" on visual cues in flight.simulators. Their \ :
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arller in: that report they had ]l%ted a pumber of parameters -
that should be investigated in an initial evaluation of the
reallsm issue, and concluded that "the interactions between
maJOr parameters ‘should also be studied; but only at a later
date after the effects upon task- spec1f1c tralnlng have been’
determ1ned by valylng one parameter at ‘a- tlme~"'
The report was in draft rorm-‘when it was seen and efforts
to find a final copy have been unsuccessfil. However., the
issue ‘here is not with the report per se; it is mentioned:
only to illustrate the fact -hat the one-factor- at-a-time
approach to behavioral research still has its adhe_ents, even
among prestigious groups with considerable influence’ on the
nature of 'major research programs. Consequently, the relative
merlts of slnqle and multifactor approaches must be examined. s

SINGLE VERSUS MULTIFACTOR APPROAGU ¢ ' , E ‘

" . In the remalnder of this sectlon, a comparlson of two
approaches will be maoe as they are applled to the task of " . /
identifying crltlcal factors and measuring their effects, and
derlvlng an equation 'to pred1cg performance under operational ' :
conditions. A candidate list of  twelve-factors will be used St
to 1llustrate how the 1nformatlon/cost ratio is affected by
experlments employlng eacn approach "Cost" ‘here refers to
data collection "ost . ‘ - ' : a

’. ) ‘ 4_ R . . . . | . . | . .o~ ‘ . .
.In this discussidn, the following claims will be supported:
LN . N ’ . - . ‘,’

a. leen the same tlme and resources, the multi-
: faqtor approach will always provide ' . .
R quantltatlvely and qualftatlvely better*
' “information- than a’ slpgdea(or few) factor
'-approach w1ll Y e : b .
S b.-Tbereals certaln information that‘a single
T factor approach can néver provide; but which -
is awvailable when a. multlfactor approach. lS used

] - P p Ve

Informatlon is judged "better" when~1t has more of the * -
follow1ng'qua11t1es : o : ‘ :

5]
-+

"~ economy in data collection P
- pretise estlmates within experrment I
.-~ accuracy- when*predicting “from’ laboratory data to f - .
e _.operational Situdtion: .o - L
T ablllty Lo generailze to numerous s1tuat16ns : s
_ ability to use the data.to construct a modular R e
. data base for future reference . - g e
‘ease of spotting; faulty data IR : A

reduced«amblgulty 1n‘1nterpretatlon e e P

©

‘e . . o -
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k7
[ ) .
" Definitions S S o , . v
’ The number of factors in an “periment cen range from

1l to' N. References in this rc: 2 'or multifactor
experiments therefore are.as: opposite. ends of
_that cortinuum. Traditiona ioral research in
equipuent design has incluc thr ce factors in:-
a single experiment, and pri.. i ase of "economiecal multi-
factor designs," an experiment with more than five factors was -
a rarity (Simon, 1976b). 1In this section reference to a

51ngle factor or one factor experiment implies . a class of

xperrments recommended by reductlonlsts who ‘believe: that good
\ beha 1oral fgfmatlon can be obtained by studying one factor:
\ at a time. Jhffowever most. comments made here regarding this

\CLaSS of experiments ‘will sometimes apply\ to a lesser degree;"
‘to. experlments 1nvolv1ng two, thrwe, four, and even flve

-] ~torsﬁ_

"for the partlcular ta°k under operatlonal condltlons.-“
Reference to a "multifactor" experiment. implies that it
'entalls an effort to include most of the-candidate factors ,
'bclleved to influence the behavior found. in. the particular-
-1nvestlgatlon.' Merely including more than one factor in an
experiment wduld not meet. the rtqulrement of a multifactor
-experlment as’ t:he telm i1s used here. @HHWH 0

.

p “In practlce, there are. usually only a relatlvely few’*
‘;Tuthycrltlcal factors affecting .performance on a partlcular
task.' However, “to include most of the critical factors in an
" experiment, it 1s usually necessary to. start with a much larger

" behavioral _pProblems, persons working in the field can 1dent1fy
candidate factors that have the potential for influencing the

- class-of ‘behavior under investigation, but that for -any -

- particular . task, only an empirical effort cln determine how
much effect each factor has, and therefore which ones are’
critical., While we may never -achieve a one-hundred percent
‘inclusion of critical variables in a controlled experiment; we
can at least increage con51derably the numbér- over -that which
ftendq to be typlCdl in %xperlmont' today. B b

"An IllusUrat1ve Problem

‘Let us ook at one of tho experlments that mlght be done
‘on the. AWAVS program and compare ‘what would happen if a single-
factor or a multifactor approach were used. . Let us assume
7there are twelve simulator factorS\plus one pilot and’ one task
‘difficulty. (cnv1ronment) factor, all.at two levels each. nFor
-+ the time being,’ we <shall not incluyde-the last two, since ‘that-
would only complicate the discussion without altering the

3

_number of candidate factors. It is,assumed that. fOr-most- .. ...

conclusions. The purposé. of the experiment is to find out whlchu”_f

~0of the twelve factors will be crltlcal in the design of a .pilot

training simulator (uging elmuJaLor performanCe as the.crlterlon)
¢ and what perFormanco levels cach of the two condltlons (levels)

_of each factor ylp]ds. . o

o . B B
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STMGLE FACTOR DESIGN ' .
The typical single factor approach. mlght follow this
desiqn - Select one factor --.Factor A -~ and tést eight
pilots on the one condition of Factor A and eight other pilots
on the other condition of Factor A. . Pilots would be assigned

"-to. ea¢h group at random. The Tres.ini = nlove ‘mulator factors
~would be held constant as, prornnlh1\ i vrrelevant
sources of variance This des1q1 .t bin Tablenl*.

When the data has been collocted the mean performance for .
each of the two conditions: (leveis) of Factor A can be calcu-
‘lated and the effect of Factor A, i.e., the dlfference ‘between
these two means, can be est1mated : The precision with which
each effect ig estimated, i€, ——the standard errorof the mean—
dlfference (omg) » can also be calculated. The equation for this

o l.lust_x;a t.-I—VC——_pLObl em -1 S P

" e . .

: P . . i .w..‘ ] -..‘ . . ‘ . ) . P {

. ' are 2 ST : -
P -a . 02 © 20 o
. “md ,=. N+ * - 8 = 30 . ‘

mhere 0% is the estimated error variance of the experimental,
“;unlt (1ndeoendent of factors),'and N Is the total number of
_observatlons made per experlmental conditioh. Once' the appro-
priaté o is_ established, this standard error of the mean.
difference can be.used to set confldence limits about the-
emp1r1cally deternlned means :

Lz
it

y

'LMULTIFACTOR DESIGN
Usrng the . multlfactor approach the effects of all twelve_

factdrs would be estimated .in a single experiment also composed
‘of a total of lG_observat&Ens from 16 pilots, one per observatlon

-~

L% . . .
, Sllghtly modlfned experlmental designs have been used in
"one factor" experiments. For example, a sub]ect (pilot) might
:be tested on both- experlmental ‘conditions. To compensate for .
carry.- over effects, one-half the subjects would be presented
the, .conditions in one ‘order, and one-half in the. opposite order.
.For our discussion, these, variations are not cr1t1cal While
- only eight subjects would be requ1red the total number of
‘‘observations remains 16, and it.is the number of observations,
not pllot "that will be the unit of measurlng the cost effec-
- tiveness of -the data collectlon
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) - TABLE 1. EXPERIMENTAL DESIGN TYPICAL OF
- : C ONE~-FACTOR EXPRERIMENT
x . .
. FACTOR A ‘ FACTORS HELD CONSTANT
r |- _ v ‘ . .
Condition 1 (=)  “dition 2 (+) - Factor Value*
1 .9 B o
2 10 -C PR
8 8
| 3 11 D_ 32
Pilots 4 12 E. 58
. R -___«qi %‘, I RO,
] ) S #5’}3 - P 7%
| 6 e ¢ d8 |,
- ¥ > : .
7. ‘ : 15 H. 0 Y.
- I | %0 6
;8 N 1 200
\ - : §9%
. . J ~ N O-
' ' - K
L
'A-‘ . : ) ’ N .o - : . .
‘... Value refers to-onc’condition or ‘the other, designated .. . .. . _ ..
.7 =or +. With quantitative values, these would correspond to
- .low.or high levels, .and be a shortened notation of -1 and +1.
" The values at which each factor is held constant would be.
~decided by the investigator. v . v

'~-'Thé.ekperimental.design=f6§ thié.?l%£§ ékpériment is shown )
.in Table 2-A. * The minus &nd plus signs in the table represent
the high or low (or first or second) level of each factor.

~——Each row represents a different experimental condition and each |,
‘column -- up. to twelve -- a different factor. With this design,
- the main .effects of all twelve factors can be estimated. The -
precision with which each one of the main effects can be.esti-
- mated with 'this design is the same as the precision of the effect
.- estimates in the single factor study, namely .50*. Thuys, finding
- the main ‘effects of twelve factors with the single factor o
approach ‘would cost twelve times .as much as with the miltifactor

\

© " A

o fIn this example,uthefmultifactor,design is’not replicated;
therefore, there is no direct estimate of the "error" standard
‘aeviation‘(oe)ta-Internal-eStimatés can be made, however, from

- the half-normal plot as shown on page 44 (see Simon, 1977, p 97).

- 1

. 15
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TYPICAL MULTIFACTOR EXPERIMENTAL

ic

" TABLE 2.
DRSIGN (FOR TWELVE FACTORS) , -~
EL. JL KL
. . Ma1n Effects and - Allaéed InteractlonQ* BC 5h Db
: DL HL IL AL BI GL FL BL cL &I DI AD JK EK EJ
* CK FK AK IK CH BK HK GK DK. DH GH CI HI ~ FI  AI
BI AJ FJ HJ BG. CJ IJ DJ GJ CF BF BH DG AH FH
EG EI EH EF DF DE AE CE BE AB AC FG AF CG BG
MeEaN' Af B ¢ b E'F G H I .3 K L (AcJ) (ADJ) (ADK)-
: : " (TABLE 2-A.  FIRST BLOCK)
Conditions S
1. EJKL - + - - o+ o+t +
2. AFHI ‘ - - - + - - + + +
3. BFGHKL' ., _+ -+ = = = 4+ 4+ &+ - = 4+ & = _ +
el ABEGLJ T O Y S SN S-S - +
5. CFGLJL e
6. ACEGHK . -4+ 4 = 4 = 4 = 4 4 == 4 = = 4 -
7. BCEHIL _ i T e e e = =
‘8. ABCFJK ° e - _
. 9. DGHIJK S T S S S S S -
10. ADEFGL T T T T T -
. . 1T. BDEFIK LR S T AT TN S S S S R SRS
12. ABDHJL T4+ + o -+ _ + _ + _ - -
. 13. CDEFHJ -’ B A T T T S T - +
" 14."ACDIKIL R T St O - +
15. BCDG T T T S
16. ABCDEFGHIJKL +° +- + +° + -+ .+ + 4 + '+ + "+ + + R
) . (TABLE 2-B,.‘ SECOND ‘BLOCK) ) )
'17. ABCDFCUI T T T S S - -
ST CBODEGITKL | "7 5 o =T SR TR ST m e s e e e
"19. ACDELJ C b - e a o= Te w4 - 4w ~
'20. CDFHKL . T S T T S -
21. ABDEHK . S R - +
22, .BDFIJL ° T S it I - +
23, ADFGJK S T T
' 24, DEGHIL - T T L T O
25. ABCEFL X T T T + +
26. BCHIJ - - H 4= - g_ I TR T T S SR R
27. ACGHJL - o+ - "+] - - L i £ f+ C - +
,28 CEFGIK”'-:,_‘W i +_#,..__.- e +_A,_..+___. et e om o e . . o+
' 29. ABGIKL \‘r -+ + - - - - + B T + -
'30. BEFGHJ T T T e R + =
31. AEFHIJKL e R -+ o+ ¥ + o+ - - -
2. ‘(l) - - - - - - - - J - = - - - a_ -

O

Aruitoxt provided by Eic:

3

When data From the second b]ock 1s adaed to that from the" first blocx,'

2

main and throee- factor Lnteractlon cffect
two-factor anteractxonq.

v In the flrst block, main offvcts ‘are allased w1th
Ads shown, alonq with hlqhor order 1ntbractlons.-
,30ne of a. atrlng of three-factor lnteractlons is shOWn in parentheses.

tw0—factor 1nteract10ns;
Where no maln effects are "shown,

Blocx I and Block II are each Resolutlon III. de51gns..

ERlC -

.fonm ‘a Resolutlon IV ‘design.

are isolated from the .strings of -

Combihed:they

K
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.qtudy and the precision of cach (btlmuLc would be no greater.
’; ‘Conversely, the main effects of twelve factors can be estimated
at the same-data collection cosl with the multifactor approach
as one can.estimate one Ffactor with the single factor approach,
‘and w1th the same precision.

Mean Performance Measures

There are Stlll more 1mportant “and qubtler differences
‘between the two approaches that are often overlooked. For
"example, the méans obtained with the s1ngle factor study will
be different from the means obtained in the multifactor study.

."'This-is so in spite of tt fact that both were obtained by
‘measuring performanc .yt times at thr ' ;] ie:~1 (of Factor
A) and eight times at the low level (of Iactor A). .Unfortu-

nately, the means obtained from the' ‘single factor study are not

represcntatlve of performance throughout the.experimental
———spdace. LnStead—~the—two'moans—are—obtaIned“by “measuring only

two- locations out of a possible .4096 in the total" experimental
"space (in this example) . These two locations are at the. edge-
'of the twelve-dimensional hypercube, representing less than

flve ten thousandths of the full factor1al _space. T

.. But it is-not the small proportlon that is cr1t1cal per.
‘se; 1t is the "fact that these means. est1mate are not 1n‘epen~
" dent of the factors held constant In spite of many repllcatlons
- and what m1ght appear’ to.be & very uncompllcated experimental
de51gn“ the chances of obta1n1ng a reasonably accurate estimate .
"of the performance on. either the high. or ‘low condition of -
- Factor ‘A (in our . example) is very Poor. when the single factor.
' approachmls_usedwwvTh1s~1s because the'an5wers ‘we obtain-with .
such. a.des1gn depend on which™ ‘values ' the 1nVest1gator'dec1des'
to use fof thé factcrs held constant’ Because they are 'held -
*constant does not mean that they have no effect on performaﬁce\'
they do - ¢ - : T y ¥

oS . ‘-"

If a factor that is held constant would cr1t1cally affect
Ierformance were, it -varied, then the- value at which it is Jheld
£ constant will make the overall, .task ‘either ea51er Oor more.
difficult to perform. ' Thus, mean performance on’ the. condltlons'
of '‘Factor A’ wouldﬂ;ﬂgveaseror decrease from the average, de-
pendlng on the partlcular values at’'which the constant® factors
are fixed by the 1nvcstlgator In the 51ngle“factor study,

‘. the combinatien of “fixed va]ues is only one’out of a possible.
2048 alternatlves (i.g., one. out.of 211 comblnatlons) Since"
the 51nqle factor experlment tells us noth1ng of- the effects of
these factors,.we have no way of knowing  in which® d1rectlon .
Lhe bias lleS nor-its magnltude ' :

o

W1th a- multlfactor approach the situation is’ d1fferent
.The means for Factor A are more Jopresentatlve since.they are
obtalned by sampllnq a number of- condltlons throughout the

q

LT

I O T
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experimental space. The other factors are not held constant
but are varied systeiwvatically and orthogonally to one another
as well as to Factor ‘A (see Table 2-A). Each level of Factor
‘A is measured in combination with an equal number of high and
low ¢onditions of every other factor, thereby neutrallzing the
. effects of the other factor on .the mean performance for each -
- condition of Factor A. The same balance 'occurs with all other
_Factors’ in the multifactor expariment. '

Graphic example. -The" above relatlonshlpb may ‘be moYre: S
-easily understood if they are shown graphically. Since it is
difficult to draw. a twelve-dimensional space on two- d1mens1onal e
- paper,-let us use .a five~dimensional space to illustrate what ’
'has been said so far. 1In Figurel, two diagrams each repre-
.Senting a five- d1mens1onal space are shown. ,\The one on the
‘left will be used in the discussion of the single factoxr design
and .the one on the rlght of the mult1factor\des1gn . In the
diagram on the left; at the corners of € each cube, the Ehlrty WO
.conditions of & flve factor,.two levels per. factor space, are’
identified. The .conditions would be 1dent1cally named in the
xcorrespondlng pos1tlons ‘6n  the rlght "The ‘conventional” symbology
for nam1ng experlmental conditions .is ‘employed, where the - .
presence ‘of a letter, a through e, ‘indicates that the hlgh (+)
level of: factors A through ‘E respectively is represented The = =~
absenco of a partlcular letter indicates that th low (=) level
‘of that factor is represgnted in the-condition. lack dots
haveg: been 1mposed on each dlagram where data is to be collected

: , In the single factor experlment two cond1t10ns at whlch
"performance ‘under the-high and low . levels of Factor A are to.
be cOmpared aré- selected- arbitrarily;-—ive.5—bc- -and—abc*- Note—————
" that in this five factor .case, .any one. of 16, alternatives .could:
have been chosen, all of which run only. aleng a ‘horizontal edge
_of a cube 'in ‘Figure 1. Once the two ‘conditions are.'chosen,
elght measurements are - made at each condition. Howeyer, if,
' Factor- C has a large. effect on’ performance, w1th the: + condl-
.tion caus1ng the higher per formance: level, then the méans at.
hbc and abc would be.higher than if the slngle factor study of
,%.Factor A had been carr1ed out with Factor € being held constant

“?at its lower lGVel .g., conditions e and ae. 'This process
: bec0mes even more complex if-other -eonstant—factors—ilso—had
‘critical -effects. .Even -after data has: been .collected through

~a series .of single factcr, experiments on ‘all the factors,

.
e

' Any pair of- condltlons could have been selected ‘as’ long o
as a is .absent from.one and present in the other .and all.other’ ’
-letters are held constant, i.e., the same in-both. For example,

bce and abce, e and*ag,land.so forth, LOUld also have ‘been used

ok

B .o ,‘
v " Lo L . . 3
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oy STNGLE FACPA: gppmys ¢ MULTIFACTOR STUDY
’- — T 1 "B
' e ae ¢
\ \
\Be \ -
' e
ce
_ ace" _
\ Yo ’
| biE—" aBde
A :
n. o
d ad de. 4 ade
.\\ ’
o ’
N .
R + \bde |
. '! abde
o~ - . d - ,\ i N ‘
“ cde . |
] NN i
"; . “becd abed-  bcde -abcde
-
L R . L
co Flgure l'- Locatlon of Data Collection” P01nts (Q)
L In A Five Dlmenslonal Spacc N
; . Each polnt in the Slngle Fqctor study is repllcated elght tlmes

=

This makes a total of 16 observations. In"the multlfactor study’, the‘ g
) 16 obsorvatlons are dlstrlbutod as shown w1th no repllcatlon '

PN

'
.

W
N

'there is stlll 1nsuff1c1ent 1nzormatlon to correct the: mean
~est1mates -fOr potential biases. The fact that the individual

. one| factor studies: were performed- sequentlally without .any method '
‘of: correcting or measuring p0551b1e sequential effects that would’
cause ‘irrelevant variations 'in performance frém study- to study
_makes any QStlmates of mean pelfbrmance even more suspect.

sﬁu In the multlfactor exgerlment, the data points: (shown in
; Flgure 1) were selected to prévent the mean performance valueq
from belng dffectcd by the other factors in the exporlment
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The c;dhr poinEs marked "minus" roprnscnt_the low condition of
Factor A and the €ight points marked "plus” represent the high

" ¢ondition of Factor A. Means of ' the measures obtained for the

-.,flctltlous data mlght be obta1ned~ . N Rap—

. were taken each. on the._ hlgh and the low- condition of.Factor A,
- and ,if Pactors B and C are éach_held constant at their high

minuses and, for the pluses would represent. the averages for the
two levels of Factor A. Note that half of the low level points
for Factor A were measured under a hiqga condition of every:

-other factor and half were measured under a low condition of
every other factor. - Any effect that these: other factors mlght

~have on task difficulty has been. balanced out in the aetima

of Factor A in-’this multifactor plan, ™ Saly  woL . Lo true
were the mogne iy Ctner o, solurs estimated.  The main.. -
clfvClg 1 cuen are orthogonal to.one another*. :

o

.Interaction Effects . T

With 'no interactions among the factors, even the - s1ngle

- factor’ apploach will arrive at an appropllate estlmate of the -

‘effect of Factor A. This is. true even though.the means of’ each -
“ccndition,. as prev1ously 1llustrated may be hlgher or lower
than what their "true" value” would. be because the factors held
constant are at. values that- make performance easier «or more’ y
‘dlfflcult " When there is- no interaction, since both means are:
\affected the same., the difference betweén them would remain
~constant whatever “the-effect of a fixed- factor.

")

S~ - . T 2

For examplc, in a. 51ngle factor study, if eight measures

level and Factors D and E, at thé\low\level'~— the data’ col—

‘\\‘

MEANSHOF‘GONDITIONS;_ bc = 23,5apc,=‘32:; e

2 ’ . - . ' = . . " . v o

. EFFECT OF FACTOR A = +9

0’ . . . x'-'

o

Sd

.EIf 1nstead, the hlgh and low condltlons of Faqtor A were com-, '
! pared when aonly Factor B was held’ constant at the high level o

‘annd Factors C, .D, and E were each held constant at their 1low

-level, and if. Factor C actually had a strong effect on performance,

“

One alternate plan exlsts for thlS example . The undotted

“p01nts might have been .used instead of ‘the dotted. points with

“the same results. ' This happens to bo a- 25 fractional factorlal
‘Note. that points--in--thisg-design are-—always’ located on dlagonals,

©.’in contrast to the horlzontal locdtJon of p01nts in. the s1ngle

factor expnrlmont

Lo

‘ 2(L'. T o

Ve,
A
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e.g9., ¥2, then a change from the high Qohdltlon to the low
condltlon of Factor C when 1t is held constant, would cause the
performance scores’ to change by -4 points, i.e.

MEANS Qg-CONDITIONS: b= 1 b a

CERLLT ol FATTL A 3

‘'The means dropped but in the absence of 1nteractlon effects, the
effect -of Factor A is unchangea :

Factorlal Effects in the Presenco of Interactlons

o But if there are 1nteractlons then we cannot trust the
- estlmates of the effects in either the slngle or multifactor.

approach However, there isa strerence,_as we_shall show, "vahw

.the multifactor dpproach can handlé this problem whlle the . 51ngle .

factor aPProach—eannot——-—%e—tl}nehrv e—tiris :
interact with Factor A such that when the high levels of both
occur®in the same experlmental condltlon, performance is im-
*proved far beyond ‘what would be expected from a llnear combina-
‘tion of the effects of each factor alone. __Arbitrarily: -let us-
say it adds nlne-p01nts to the mean of that condltlon

. -

In a SLngle factol'eéperlment we mlght get these*results
1f1Factor A were studied with Factors B and C held cordstant
each at their hlgh levels and Factors D and E at their low
levels, e. g the marked conditions in Flgure l: '

}v',? - MEANS OF CONDITIONS. be =~23,'abc.='32 -

LFEE“T OF FACTOR A ﬁ +9
But if the 1nvestlgator had by chance chosen to hold Factor B
‘at the ‘high ‘level .and Factors C, D,-and' E at the low levels, -+,
these results mlght have ‘been observed .

MhANS OF CONDITIONSv b =23, ab = 23

*EFFECT.OF FACTOR A:?,O."' — ;"n- o SR ,'~_.:,

B3

.- Theinteraction effect, when the high conditions of Factors A
\y, and C occurred in’ the same experlmental condltlon together,
(as in condition abc), made ;Factor ‘A appear to be a crltlcal
e fect But had the 1nvestlgator used, conditions b and ab
. with! Factor C held constant at its low level, the Trésults would -

A

“haveYed to ‘the conclusion that Factor A was .not an important
"~ factor., i equlpment deslgn Thud he’ ‘might- decide to omit. it
latervin lnteractlon study. In the study with 12 factors there -

are 2048 padirs of points to choose’ frdm, of _which == if-FPactor C
-were the only eonsideration =- ong sot’ of 1024 would have dled to
“the” concluslon that Factor Aiwas trivial and the other 1024 to .
the cOnclu51on tha Factor A was crltlcal "A 50-50 chance, ‘some-

L




. s1ngle factor ‘approach. What is more., in ‘the single factor
——-experimenti— — =
;Stlll remaln,confounded

'oxperlment However, by adding only 16 additional experimental .

CNAY L prEN 77-C=0065"

may fecl, are good » S nt exp . rs de oaot Ly
on ch.nce  The only - .. 1 e twoe 0 ‘o:r nteract
is to ino ude both faclucos —i L U’pPrler

-

: In a multlfactor experlment the situation 1s somewhat :
‘different. It is true that with the design shown 'in Table 2.
~ wherein 12 main effects can be estimated from.only 16 experi-
“mental conditions, all main effects are completely confounded
‘with some two factor and higher order ‘interactions and suffer
" the -same amblgultles of interpretation .as in the s1ngle factor

conditions to the design (see Table 2-B). e can isolate the
twelve main effects from all two" factor interaction effects,
Although Wwe have doubled our original allotment’ of only six-
teen observatlons to achieve .this, we have still used only one-
sixth the effort required to study alt twelve factors with: a

S

“ctor~xnteraction“effects—wouid-"

T

Ry

Summary of Costs and Beneths'

v Let us summarlze what has bcen fOUnd out regardlng the two

' approaches up to this point. What are the costs and benefits .
_of us1ng each approach -- single .and multlfactor ~< to determine o

the relative 1mportance of twelve factors? To achieve- th1s, it
is necessary, as a.minimum, -to determine the effect of eacH-
factor, ‘isolated from two factor interaction effects, but- with

' crltrcal interactions identified:,. Table 3summarlzes costs, and

achlevements descrlbed up: to th1§3p01nt. - SR L wy= e

. Therefore, w1th 32 observataons Th the multlfactor experx—
‘ments we can study the effects of ‘12 factors with éven greater
. precision- than we" would ‘have- obta1ned*w1th ‘192 observatlons
requlred in the series of single factor experlments “ Further- -

- more, for, each new factor to be studigd using the single’ factor -

approach .another increment of’ ‘obseryations are requlred,'ln e
our example, an additional 16.  Using. this multifactor design, = -,
this.is not the case., To 1solate the-wain from.all twc factor
1nteractlons, ‘we can- study up to- 16’ factors with 32 observatlons,

'_no mnrp,than,were reﬂnlred tQ qindv 12, ~It would require only

‘64 observatlons -= Stlll ﬁewer than the number requlred to study
JZ/factors by -the single factor. approach --ito study‘up to 30

factors with maln effects 1solated from two\factor 1nteractlons
H 2. . ~ . l " ; . '

In both approaches, main effects can be blased by e
three factor interactions. More data must be collected to.” . - 7
isolate these, if necessar ,_when mult1factor‘des1gns are . ' TR

- employeds . ‘No- recourse 1s- poss1ble with the single factor study,, '; i
* which ‘can only start over again -- without clues -- and do a
- multJfactor study to discover and lsolate 1nteractlons " The
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'_ L N TABLE 3. COMPARING SINGLE FACTOR AND
| o ’ MULTIFACTOR APPROACHES

-Single Factor Multifactor _

Number of main gffects isolated ! : -
- from one another , o, 12 ' 12

Mean estlmates of experimental
: conditions. are unaffected ot o ——
~by level of other fadtors o : B : ' _

.rr there-areno ;nteractlons ; ~ No - -Yes
) Prec1S1on with wh1ch each effect oo o .
 is estlmated* S T .500 - . 350
Number of main effects 1solated iv: o .
L from two factor 1nteractlons ) -0 - C12
. . . . B ) L
_ Estlmates of maln effects are .+ . 0 K -
’ ’ flaffected if  two factor .- s o A
1nteractlons-are present S . ‘Yes , . No
N ’ . . . . N —- : _,r. _ 'r., B . o o : B 5.
Detect the. preseﬁce of two g - P ' '
.. 7. - factor intéractions. or clues o ) _
;;W__;mn,tas ‘to_where two. factor anter—w- ooNe o tYes s s e 0
a aq.actlons mlght éxist . .. - : P
.1Qain effects confounded w1th three L -"f_. T
T factor: 1nteractlons" _ : Yes - Yes &
| —— .‘ - 0_'0 LT j, : . : M o | , o o
Total number of observat;ons - ' 2 .u.,j“}
used to’ achleve bhls oo S o192 S 32 -
. Planned capaclty“to further expandfﬁw f;,"w --------- o L
-~ .. experimental--space by.aug- P . No .- . . Yes’
o e mentlng ex1st1ng data ' ) B 3

- . “\ .
I3 : . \
. R - -

.\‘ .

- ‘.‘. ._ ’ * . B . o Co b ) ) 8 |.
. Earh effect in- each s1ngle factor experlment was estimated
~ with 16 observations. - Each effect in the augmented multlfactor

_experlment was, estlmated w1th 32 observatlons

bs, X D) . .
& o .
-2
o
Ll : , o e \ Ce o oo
PP . . - NS L V. Ll . PR I3
O LR G ey B A : e .
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multifactor approach builds on the original data. Sirice the
original single factor studies can be biased for the reasons

~ cited earlier, they cannot even supply data that might reduce
the 51ze of subseguent multifactor studies, i.e., the number
‘of factors needed to be included in .the multlfactor studies. -
It would bhe rlsky to eliminate a factor based on s1ngle factor
study information. e,

C Wlthout repllcatlng thc exptfimental designs, an act that
‘would reduce its. ecomomical qualJLy, the multifactor approach
has no direct method of measurlnq error variance, and there-
fore cannot make a traditional test of- sLaLlstlcalns1gn1f1cance
of the differences. With the 51ngle factor approach,; the
‘within-cell subject wvariability is conveniently labellked
leyror" varwanrelant_rht_mechanlcs_oi_amtesi__ i statistical

. SLgnlflcance can be followed. This does not reduce the effec- o
tiveness-of the multifactor approach, however, for’ several .
—~reasons. For one thlng, the test of Statrstlcal SlngIlbanbe — .
‘as it would be-applied here 'is of" llmited value in the interp-
‘Fetation of the ddta (Simon, 1973; 1977b; NTEC, 1976). “4FOr .
' ;another, there are other’ equally effectlve methods of examining
— whether okbserved- effects- are-the-result- of-"chance'-or—not--when———— -
~the-multifactor approach is used. -One of these, i.e.,-half- . - "
normal plots, 1s,1llustrated in Sectlon V. Economlcal partlal
: repllcatlon technlques are a]so avallable, : -

,

~thher Consxderatlons ; L L T
. There ‘are less tanglble but eoually 1mportant reasons for
"cons1der1ng only. a multifactor . approach -in egglpment design .-
research. 'When a multifactor approach is used -- and we have
“shown” that it-is mueh'. more economical --=-.the information_. ' :
—_.obtained. will. be more generallzable,“w1ll explaln more-,.- w1ll bewmueh;f
easier -to 1nterpret ‘and will enable more accurate. predlctlons el
to br made “from_ the laboratory data to operatlon s1tuatlons~’ '

or

o

Generallzablllty Multlfactor,approaches are ‘more gener—"-“
alizable by .the very fact that they investigate’ more conditiens of
more factors. Given the . résults® from one. of these’ eXperlments,

,Mfan’rﬁVestlgator may. con51der a wide range’ of alternative simu-=-
‘lator parameters; to be: truly generallzable, the experiment must
"also 'include contextual factors. - For example, pilot training.

simulator studies have sometlmes been critized because they used
_pilots with one klnd of experience to obtain data that was. . -
applied to s1tuatlons in which the pilots have different kinds -

- of experlenCes, or in studies done under simulated conditions’
for low performance aircraft when  the results were applied’ to..
situations. in which high per{ormance aircraft would. be 1nvolved S

. Whlle this is more. the fablt .of.the user. than of the experl- i
) menter, still it ralses the question of: whether ‘or not non- ‘,\

. representative éxperiments. can-be justified at all? Simple . L

" .experiments laok‘generallzahlllty,lmultlfactor experiments can

\

4. -

’
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‘achieve' more generalizability by including not only the simula-
tor parameters, but others associated with pilot, task, and
environment characteristics. 1f introduced -t the be01nn1ng of
th~ .research program, during factor identification stage, they"
‘can be studied -far more economically and enable more generallz— A
able results to be obtained. : . s s
Component contrlbutlons. The multlfactor approach can’
also prov1de ‘better information than® the - single factor approach
“in sltuatlons where complex devices are being stuadied, as in . .
the case of a pilot training simulator. - While one. may think o
tge visual or motion system as: un1tary components,, results ’
. may be totally m1slead1ng when components as. complex as these
are treated as units. Each is. made up-of sub- components which
‘have their own individual effects on performance .or on transfer
“OF training. = A motlon/no motion “study 1is. a case in point. . _
$~Motlon in a. s1mulator -can scrvo two relatlvely dlverse purposes.'
better control hlS aircraft; or 2) it can srmulate env1ronmental
“"disturbances that can negatlvely affect the. ease with whigch the
‘4ircraft can be controlled. Simulatihg. these two purposes may
" not have the-same_ effect on. training. ‘A study. in which. these L
1effects are not examlned separately, as two. independent factors,
might lead to the conclus1on that there is no overalk/alffer—*
- ence between a motion or -a no motion system, if the- effects of
thcse two components were in fact in’ opp051tlon and cancelled one
another:. A similar illustration might be.used in regard to the
study of a motion - system in which several motion cues are used,’
e ga,. simulator movement ‘and G-seats. ' Unless they are: studied
,/~/.separately (and the multifacfor “approach is the cheaper way of
doing this), their éffects mlqht_cancel“onelanotherl__slmllarly+._aw
S a.comparison, of ‘two simulator configurations to _see which is the
‘better m1ght suffer from -this-same problem,‘e gf} the existance
“Tofa-superb- visual system -in--one-confi uration and a- superb
motion ‘system-in the other. configuratidén might lead :té a stand—
0ff, showing both to be similar in effedtiveness and never. ‘
revealing which combination might. have produCed the super— -
L s1mulator so long souoht after. :

.

Interpretatlon.b Wher only two data p01nts are ‘inves tlgated

‘the investigator has no way of evaluating the: correctness of the_.. . .
results through rational Pprocesses. When a’great many data s !
points are collected in. tHe. systematlc ‘manner .of" the multlfactor

' des1gns, the-investigator has built-in checks in the form of
‘data patterns. Erratic ‘behavior is more. llkely to. be spotted .

* qlv1ng ‘the investigator the opportunlty of checklng whether it
‘is ‘an outlier or a bona fide 1nLeractlon. T .

A multlfactor approach ‘also. puts: the 1nterpretatlon of
h'»ﬁexperlmental ‘results “in perspective. When- a- 51ngle factor -is
studied alone, it is more dlfflGult to judge 'its relative im-
portance to the syqtcm. Importance is more clearly ev1dent
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’ £
‘when the pronorflon of varxancn A rx(lmkjﬁcoouyts for
relative to that acc0unted fox ‘by.all
factors affectlng a part:cular task.
and money rcqu1ro that 1mprovcmean

is known
of the other orimary
‘When allocations of. time
in" equipment design be

congidered on ‘a prlorlty basis, kno~iedqe of one factor's effect-
~on systen porformance in context with all others is an important -
.1nterprctat1ve feature prov1ded best -by the. multlfactor approach.

. Pxedlctlon The experlmenfa] deslgns tradltlonally

" employéd. by experlmenta] psycho]ogrsts ‘have been more concerned‘
with prec1s1on of results.rather than aecurac “Precision.
refers’ to the repeataolllty of a measure, whcther it is biased.
(1naccurate) or not.  'The single factoxr approgach, as has been .
shown, maximizes bias and obtains a satisfactory level of pre-

" gision only at considerable cost. The: ‘multifactor approach

',(w1th a holistic phllosophy) emphas1zes the reduction of bias
,and. at the sdme tlme,‘because of .its inherent features, tends
~to—matntatn precrsroﬁ—
- of the s1nqle versus multifactor. approach wgre discusded by"
» the emlnent statlstlclan” Frank Yates (1935 p-5),
forty’ years ago At that t1me, he made the folloW1ng commer:kt,:
=2 Ll the experlmenter
single’ factors, maklnq a quess at. the: final rlevels of the- other
factors, rs merely emulatlng the™ tactlcs ‘of .an ostr1ch Mol

. <
Y.

- , Becauce we can 1nc1udt in .our experlments most of the
factors crftical under'operatlonal condltlons, as well as those

',affectlnq the pilot, task, and. enV1ronment ‘the multlfactor

- -approach increases: the accu;acy of our prahctums When the
‘single fdctor. approachis used, each critical factor om1tted

__4hela_cohstanti_fromsan_equatlon_can_blas,a Dredlctlon if it

more than e

who confrnes himself .to.experiments. on.[gsﬁiw

quite—eeeﬁemieatiy:::¥he:¥e¥atrve4mer1' e

-does not. match. that found- qperaLlonally,_each one that is. a”

allowed to vary. in* the experlment -results in .variable- pmedlctfonh"

-error:- Even--at fhe end of the cxperlmental proqram ‘when only' a
few conflguratlons mlght beexamined .for purposes of veriffca-
«tion, detailed’ comparison, or for. establishing fiducial 11m1ts

on the pPrformance, the multlfdctor approach has already r;i « jf--'fﬁ’

prov1ded an overall: framework into which the data from the:
ilmlted experrment can be anchored /{ , . .
: ' . o ° : L

.The use of a.’sequential b‘ock technlque for data collectlon;

in" the multifactor approach can Telp optimize prediction., If
" the- 1nvest1gator ‘has reason .to suspect that the order of his -
prredlctlve model is 1nadequate, i.e.; would fail to-fit-reality,
he r.ay collect. additiohal data that would be combined with the

‘origihal data so as to enable quadratlc or hlgher order surfaces .

‘to be estlmated if necessary. ‘ o -

.

Ca.

Cf . . R gt
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' SOURCES OF ECONOMY IN MULTTE:'F’\("!‘O"{ EXPE'I’*IENTS

, Hlstorlcally, accepting the need tc perform holistic (multl—
factor) experiments has proven o be easier said than done. ‘In
1954,. for example;, Williams and Adelson, wisH:ng to examine the:
effects of 34 factors-they believed 1mportant in the design of a.
* pilot training .simulator, - were stymied by the fact that a facto-
.. rial design for 34 fdactors at flve levels each would require *

“ 5.8 x10 tombinations. Even studying each factor, one at a
clme, at five levels with all other factors held constant,. would
‘have required 3400 observations. To reduce the effort they con-
sidered studying only the important factors, but recommended
‘that no study be done at that time since the ordginal 34 had
‘been selected because they were the important ones. The same
questlons regardlng pilot training wimulators and a method of.
doing a. comprehensnwe experrhent continue to exist during-the
1nterven1ng 25 years. Simon (1970a, b, 1971, 1973, 1974, 1977a,
b) proposed a more economical approach with which to accompllsh ‘
thid task... A few of the more important pr1uc1p1e for achieving’
thlS economy are c1ted here brlele1 N S

First of all, it is not necessary to collect data with whlch
" to .isolate hhgher-order interactions. In the example cited '
. - above,. it is a-certainty that no B4-factor interaction would be
' of any practical importance.” For that matter, no ten-, oxr six-,
~and probably nd four factor interaction’will have a- practlcal ‘
.effect on performance.  Even -three- factor. interaections seldom
.have large effects, particularly if quantitative, continuous
factors are’involved (Simon, 1976b).. To illustrate the: sav1ngs
- 'this observatrpn can .achieve, let us ‘consider a 15 factor study. -
A complete ‘factorial for 15 factors gwould require 32,768 combi-
‘'nations if each ‘factor were studied at two levels, or 14, 348,907
comblnatlons if éach were studied at three levels. However, if
. the response surface for 15 factors could be represented by a
first-degree -equation,. oniy 16 properly selected conditions would
-be required. If.it could be represented by a second -degree -
—equation, then only 136 conditions would be required. If the
-surface could be represented by a third-degree equation, then
816 conditioms would be required. While the latter number of
,condltJons{Kn Elll large, it is only a ;000057th fraction of
the comple e factor;al . - . . B '

, To be economlcal hOWevor, an experlment would never be .
started with the intention of measuring 816 conditions,: even'if
we thought that a third-degree -surface need be’ represented. We

" would begin’ by collectln? only enough data to approximate a

" first- degree surfdace. Then a little additional data would -be
collected in order to test’ ‘whether this”first- -degree’ approxlmatlon-‘

L adequately fits the, response surface. If it does, the "study can
stop, thereby -achieving corisidlerable economy. If- ‘not,, additional
“data ‘would be collected to approximate.a second* degree surface and :
. second test. would be mdde. If the- fit is: adequate tHe study. would
stop at thls pognt, if not, it would contlnue. This 1terat1ve N

]
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process serves two purposes: .one, it kéeps the cost of the ex-
periment as low as possible; two, it provides the assurance ‘that
the response surface will, be adequrte'y represented. Theoreti~
cally, the procedure could ,continue up through fourth and fifth-:
degree surfaces, although. thlS is highly unlikely with psycholo-
gical data. Interactions at that level would more probably -
indicate that the data were carelessly c¢ollected or that the
experlmenter had falled to scale hwo data properly

Proper scaling is arother way- 0 achieve esconomy in multl—"
‘factor - cexperiments. Certain classes of LnLerartrons and curva-
“ture can be eliminated by selecting the. apprOprlaLe scale. If
care ‘is taken before the data are.collected to select the correct
scales, the necessity of approximating a third- or even a second- °
degtee surface is diminished and less data need be collected.
Certain 1nteractlons cannot be avoided by scaling, but in the
‘behavioral sciences’ theqe occuy infrequently. -

C . Stlll further economy can be achleVedlf we separate the
critical factor identification process from the: function deriva-=
tion-- process. - Why. should we collact 'the data required to deVelop

a third- or second ~degree function for 15 factors if «ll 15 :
factors-are. not truly critical to the specifie task under investi-
,gation? ‘In large scale experlments we introduce candidate factors
which rationally niight be expected to be important to :the task ‘but
may not be. Our first- goal. i$ to determine empirically which
‘really are 1mportant A screenlng study for 15 factors can be .
designed requiring as few as 32 and probably hot more than 50. ob-
servations to provide “the*data needed .to order the factors accord- .
ing to. the magnltude of their effect .on the perforpance of the
spec1f1c task. 'The extra 18 observation$ are used to- isolate-
critical two-factor interactions. -It is unllkely that all 15
factors will be. impdrtant; in fact a good guess would be that
fewer than half w1ll have large practical effects. In any case,
even. if only a few' were,eliminated by this screening process we
have reduced. still further the. magnltude of the data collection
process regeire to map the response surface. Furthermore, the
‘data required to develop the higher-order response surface (if

a test. indicates it -exists) are added in orthogonal blotks to the
data from the screening study, a, savings wh;ch helps keep the data
collettlon economlcal ’ - . ’ o

Kl
>

Up to thls p01nt nothng has been mentloned about the expen—
sive habit/of replicating complete de51gns. Still further economy
is incurred when a multifactor study is performed by replicating
only when! it ig necégssary. In an earlier section of this *eport,"
it was shown ‘how "hldden" replication provides adequate precision
‘at considerable savings in data collection:.. The existence of
‘trivial factors also provides an internal sourcée of degrees of
freedom for -estimating an -error varignce if. such is reQulred.
Flnally, technlques of partial replication can be employed -- only,
selected condition$ are repeated -- for an external estlmate of
error with whlch confldence llmlts of the reqponse surface can’ be
calculated - : -

’ . : . i
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One f1na1 word about deflgn fCconomy . Because fewer data\
-points are c¢ollected, some information w111 be lost, presumably
only -the information the experlmenter has determlned is unimpor-
tant”to the task. Still, in the absence of replication overkill
found in traditional few~factor studles, the opportunities for
bias to creep into the experiment are’ higher. Outside of ,careless
data collection and a failure to control irrelevant sources of
variance, the most common experiment-induced source of bias in
apsychologlcal experlments comes. From the need to collect data
commonly”found as a re%ult of equlpment drift and operator learn-
'ing. 1In certain screening deSlgnS, there is a built-in protection
.agalnst trend effects that requlres no additional data collection
{as is'needed in traditional experiments employing counter- -balanced
deslgns) As. a result, one run-through of a single deslgn is suf-
ficent to isolate any trend effects from the effects of intérest.
Additional data are required when trial to trial transfer effects
‘occur or are anticipated. If subject characteristics critical to
" the task are treated as factors in the multifactor study, then in
»many instances total design’ repllcatlon, to account for those. :
1nd1v1dua1 dlfferences,” is unnecessary. : o con

: o
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SECTION III

AWAVS PERFORMANCE SIMULATOR EXPERIMENTS

i
'

_ . When the AWAVS carrier landfhg s1mulator is made available
for research, current plans are to perform a number of
performance experlments before actual transfer experiments are
~conducted (refer to page.7 for deﬁlnltlons). A brlef,; -
descrlptlon of several of these are glven here :

‘

GROSS EFFECT STUDY "fL I -

A prellmlnary comparlson would lbe made of carrier landing
',performance by high-and low skill/experience pildts on the
"best” and the "worst"’ conflguratlons of the. simulator and
under two-levels of task difficulty. “"Best" and "worst" in
thlS case refer to the quality of the physlcal system,
’ partlcularly the visual. scene and the motion system.
: |

\Thls would serve . several purposes The 1nformatlon ob—
rained; i.e., the differences in performance under the best
and worst avallable s1mulator configurations, could influence °
future - research plans, For example, if the differences are .
'¢qu1te small then one may reconsider conductlng the full scale
multlfactor study to 1dent1fy only subtle. effects of little
practical. importarnce. While this 'single experiment would not
~be su f1c1ent to abandon all research, a small practlcal _
dlfference between best and worst ‘conditions would certainly
requ rq ‘the 1nvestlgators to reevaluate thelr goals and - “
prio 1t1es If the difference ‘between performances on the two

A

-L51mulator conditions is lﬁrge, then support for a multifactor.

progr%m is enhanced and the time invested in the preliminary

efforf has not been wasted. For example; it will have provided
~a meaps of trying out the equipment and the experimental . :
poreoﬁnel It would have enabled the software, .particularly
that ssOClated with measures of .performance, to be fully
~develgped; and evaluatid. It gives a chance for the procedures,
on running the study bt be smoothed. All of these would be -

- done _ nder less cenanuxng circumstances than would be found .in

a. ful -scale screenlnq study . . ' :

_ INITI L oV RALL SCREENING EXPERIMENT

‘ scr en1ng experlment w1ll be conducted to assess the
'-effect of appx ~oximately 13 factors associated w1th the wvisual
"and mojtion sjstems, the task, and the pilot, on pllot perfor—

.-mance. ffec 1veness in a s1mulated carrier- landlng mission.

The ca dldate varlables currcntly belng cons1dered for

' 1nclus on i the flrst experlment are: . o :

28

)

o
2
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a. ‘Image quality (MTF): Carrier ' S
b.: Image Quality (MTF) « Seascape .

c. Image guality (high- o
E ' llght brlghtness) . Seascape

v 8
'd. ' FLOLS systems -
el Field,of view: o iSeascape
f. vVelocity cﬁes: - Seascape x-y motion
| Altitude cues: Seascape z mctiOn_ )

h. Platfofm motion
‘i. G-secat motlon

“j. LSO assistance

X. v\ésk d1ff1culty, turbulence. J
u'f-ﬂl-h Task: d1ff1culty, A/C welght\' f‘ﬁ‘f,:ﬁf

~m. Pilot carr1er landlng experlence e

El

"‘This experlment has been dlscussed in some detall 1n\ear11er
papers .(Simon, -Vreuls, et al., 1977; Naval Training Equipment.
Center," 1976) A fictitious example of how it ‘would be
rhandled 1s descrlbed 1n Section V. of thls report.

~ VISUAL SYSTEM SCRRFENING EXPERIMENT

. Because of the 1mportance of the visuadl system in the I
-AWAVS program, other expeflments should follow the initial

multifactor experiment; for example, content’ of the visual’

. scene would be - evaluated Clues obtained from the initial

‘.screenlnq experlment can. 1nd1cate which visual scene varlables
“that were studied are the most important. It can also 1nd1— ,

cate which conditions. of “the motion. system are . likely to affect

~design conslderatlons of the.visual scene.  But there is ' a

neeé for ‘a more detailed examrnatlon of the-visual scene,

_ partlcularly in regard to content. The screening. paradigm:
.lends itself partlcularly to’ such a study, namely.ability to
study the effect on performance when certain objects, details,

and 1nformat10na1 clues are present or absent ‘in the visual

scene, as’'well as when certain phy51cal parameters that affect

a

&
'
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'plcturc quallty are set at less Leallstlc levels leen a

large number of such Varlablcs, the screening -study will permlt

them to be ordered accordlng ‘to their effect on performance in
the carrier-landing mission. Later if considered necessary, .

for the quantitative. varlables, a more,precise estimate of the .

“function relating them to performance can be obtalned w1th
relatively little additional data collectioh. ’ o

"
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S - SECTION 1V,
REFINING EGONOMICAL MULTIFACTOR HES:
While the basic multifactor app s.well understood
2’ and econpmical method -
“type can_be performed,
#&nhance its applicability
‘essary since it was orig-
¢ -disciplines -- chemistry, -
0ot always fit directly the
asearch.”” Individual techniques
' ‘handle one aspect or the other _
285 may, in somescases,. be combined to ;
her . total capability. During. tRhis period of -
the contract, ufiber of techniques believed potentially- R
relevant o ZEhe® AWAVS. program were investigated. (Note: - . - % .
undefstanding this sectiorn: requires some background knowledge..

by which Controlled‘exper}mentSﬂoﬁ
there is 'still the need tb refipe

inally developed.for usé ip.

peculiarities of behayi
employed in this awpp

sesSimon, 1972, 1973, +9741977a, 1977b) .

“TROM RESOLUTION' IV TO V DESIGNS ECONOMICALLY

. Séreehing désigns‘are.fractioﬁal.faétorialsi géﬁérally'of
Resolution 1IV. " 'this classification means that enough data will

" be collected. to permit all main effects to be isolated from

one another and. from 41l two factor interaction effects -

-However, the two factors interaction effects are not all.

.. isolated from. one anbther;'inéfead-they-are.aliaSed:in groups
- of independent' strings.' & S ) . | S

[

scréening study, . the investigator may wish tolgerive'an?équatibn
in" the -form of "a palynomial that approXimates the response o
surface of. proper degree, Hé will not-want to start'a new

Once the critiéal factOrs_ﬁave béeh_idenﬂified ih%thé'n

- experiment; instead the economical approach would be té'supplé- R

ment the_data.from-the-séreeningﬂstudy“un;Ll'at least a. i
second ‘order or higher order surface can be approximated.. The
.classical central composite«design i's one popular data _ o
collection patternzfor-appfoximating,reSpbnse'Surfaées; The -
primary structure for this deSign'is'the_fraqﬁional_factorial,a,

- Resolution V. A'design. of that resolution’ is capable of
. isolating all main and all two factor interdctions” from one .

- to fil;‘this gap?

T

factorialiof the screening design at the end-of the factor .
identificatibn,phase,-and'that_of'the fractional. factorial at the "
beginning of the response surface phase. The question is: What
is the most economical method of collecting the data required

anccher.. Thus, there is a gap between the size of thé'ffaétidhgl

) - . ‘___":" h T . -
s

*




NAVTRAEQUIPCEN'77—C—00654l

There were a number of papers in the stat1stlcal llterature
.that had appeared,potentlally useful for solving this' problem.
The follow1ng represent.  some Of. Lhe papers that were rev1ewed

Draper, N. R. and Mitchell, 7. J., Constructlon _
~ of the set of 256-run designs of resolution 2
‘ '5 and the set.of even-512-run designs of .
resolution 2 6 with special reference to the
unique -saturated ‘designs. . The Annals .of. ,
'Mathematlcal Stat1st1cs, 1968, 39, 246-255.

John, P. . M., Augmentlng 2771 gesigns.
s : TechnOmetrics, 1966, .8, 469-480.

Pajak T. F and- Addelman, S., Minimum.full
sequences of 2n-m. resolutlon IITI plans.

J. Royal Stat. Soc., Ser1es B 1975, 37, L
‘ 88-95. Bl o o
éetd Whltwell J.. C and Morbey, G. K., Reducud

. deslgns of resolution - five. .Technometr1Cs,'
O 19&1 ;, 459-477. S

PR S

Yo Addelman, S., symmctr1CAl and asymmetrlcal

- - fractional factorial plans. Technometrlcs,<

;";. o 1962, 4, 47-57:

) Addelman, Sy Sequences of two—level fractlonul'
factorlal plans. Technometrics,.1969, ll
47i—509 _ -". - ~

'Each’ represented spme form of sequentlalxapprOach to. the
“Resolution V. des1gn through a series of bdocks in which more-.
sources of variance were isolated as mcre blocks of data were

_ collected. The economy of -this approach lay in the. fact ‘that

- the. 1nvestlgator could stop the data’ collectlon when all cr1t—.

_1cal ‘sources of variance had. been 1dent1f1ed r< e

After exam1n1ng these and other . papers, it was dec1ded
they. offered no solution for the immediate: problem s1nce the
~initial blocks were-not always the same as those used in the
“screenlng desidns to be used in’ AWAVS ~and when preplanned
- blocks are used more knowledge is . assumed than is ordinarily
- ‘available. ‘They mayresult in unnecessary ‘data. collectlon.'
While-other uses mlght be found. for these: technlques, it was
dec1ded that for.the AWAVS problem, individial isclation of. =
‘.cr1t1cal sources still seemed to be the best approach © This . «
"means that for any str1ng of two factor interactions showing
a cr1t1ca1 overall effect; data would be tollected to. isolate T
- which interactions. accounted’ forLthe effect, (Simon, 1973, pp -
"116 125; Daniel, 1962; 1976). 'Since thé pr1mary purpose in ’
,AWAVS is . 1dent1F1catlon rather than response surface -- at”
least. 1n1t1ally --' this"~ procedure seems the ‘most. stra1ghtfor—y
- ward and least expenslve. The ‘same would hold true 1f there

©
"
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. - 1is evidence that some three factor interactions might be present
] ‘and biasing the main effects with which they are "aliased. The
individual, rationally guided search seems much more effec- ‘
. tive and economical than gross procedures for collecting blocks .
,of data mechanically. ) : - - '

If the critical two -factor interactions are isolated from
"the others; even though all two factor' interactions have not
'beén-isolated, the result is for' all practical purposes the
" same as:if d complete Résdlutiqnev design - -had been used. ' This
- is referred to as a "reduced design of Resolution V." -
- SCREENING DESIGNS WITH SOME ‘FACTORS AT MORE THAN TWO LEVELS
. When screening designs involve qualitative factors, the
_knvestigator may wish to include more than two conditions of .
& particular factor. -For example, in AWAVS there might have
been three. or even more distinct techniques -for superimposing’
the 'ship scené on the. background scene. Had this been the case,’
there would be no* good basis for selecting which two should - be -
- used for the extreme cases neede@/in;the,§Creening design:
-Occasionally, even with quantitative factors, a design for
handling. a three level'fagtpr'might_bé.needed,ﬁ_The;e-are.
times, for example, when a factor is not for all practical
‘purposes. continuous, and an investigator might wish to treat’
it as-gualitative. - More important are those factor’s that may
show a totalfreverSQl in-performance level over its range,
.sometimes referred to as a U-shaped performance curve. In that
caseyﬁan.investigatqrumight'wish-to,include;h'thipd level-
during the screening -process rather than try to. guess where.
.~ the bend occurs in order to set one of the two' levels at -‘that
- point of maximum éffect. How then might ‘a three or four level
.- factor be included in the conventional.2*"P fractional factor-
* ial uSed-as a screening design? : L
.~ One might make the®three level factor completely orthog-
onal to the other factors in the screening design. That would
mean that the fractional factorial would be repeated three:
“times, once each cambined with a.-different:levels _While- _
this is.a clean approach, it might prove to be uneconomical. -
It would be more so if there were four conditions in the -
qualitative" factors .. - ' T e
. E 3 ; "’mnmn- .
, . There already exist mixed level 2737 and 2.4 fractional
désigns that have been published. However,  these are usually
-limited. td: Resolution V fractional factorials which would be
too ‘costly to 'use’ for screening purposes. . = R
- + Still a third technique is to modify ‘the screening désign
“to 'include a . three (or four) level factor. . This can'be don
veconbmicdlly-by,qpplyingfthe}Principlé;of Proportional s
' "Frequencies: to ‘the. 2k-P design.- This principle ,states -that - ..

Ly o
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Y. L L a necessary and suff1c1ent tondltlon that the main’
"effects estimates of two factors will be uncorrelated is

" that the levels of one: factor occur with each of. the leveLs o
of fthe other factor w1th proportional frequenc1es."- Furtherr
mogeE,- it also states that ". . . for main effects to be -

ogonal to’ two factor interaction ‘effects, each comblnatlon
of the levels of two factors must.occur with the. levels of
another main effect w1th oroportlonal frequenc1es ";'

Q-

Employlng thls prlnc1ple,_Addelman (1963 p. 60)" shows
. how three two-level factors can be replaced by one. four-level °
factor. Then he shows how a:four level factor,-can be collapsed
-to form a three level - factor,~employ1ng ‘the same pr1nc1ple
Neither method is difficult to understand nor to do and so the'
details will not be repeated liere. Because three of the. two-' .
level factors in- the screening des1gn must-be sacrificed to-
include. a three or a four level factor in the. new des1gnw the ,
number  pf:.-factors that can-be screened in this modified design .
is reduced. There are times, therefore, when.the size of the
screening. design’ would have to be. 1ncreased to handle the '
'_de51red number of factors - o
; _ If trend robust screenlng des1gns are used, the three or
 four level factors ‘will not be as robust.to.trends as the )
-individual orlglnal factors. Some combinations, ~however, are -
better than others and must be’ d1scovered for each des1gn

- . . ~ .
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SECTION v T
S APPLYING ECONOMICAL MULT]FAPTOR DESIGNS TO
e fAWAvs PERFORMANCE EXPERIMENT -- AN EXAMPLE

In'thls section a fictitious example will be used to show

-iow economical . multlfactor de31gns mlght be applled to"an AWAVS

performance experlment - R S B

5 T U : g . R
“3. 'To reach th1s phase -of" theé Lesearch program, it is: assumed ’
“that the. equipment has been built and debugged both experi- -
- menters. and pilot-subjects have - been properly and adequately
brlefed the 1ist of candidate factors has- been chosén by. -
experts after. an 1nformed analys1s, appropriate performance
‘measures have been: selected <and the hardware and software
required to obtaln and. analyze ‘the information, either on-line
or .shoéortly thereafter, have been checked out. It is also. .
assumed that this behavioral study ‘is ‘a dedicated one, -that.is,’
..all-who are. 1nvolved with ‘it have set as a primary goal the

- collection of 1nformatlon that will- be of practlcaI and

endurlng value. . . . : : o

~,

EXPERIMENTAL OBJECTIVES

. . e <
' Co - .

The experlmcnt w1ll have two prlmary objectlves. ‘one, to
‘détermine which of amlarge list of candidate factors supplied
by ‘experts have.non-trivial effects on pllot performance for
the specific task in the s1mulator‘ two, 'to obtain a response
.surface that describes . the relatlonshlp between pllot ‘perfor-
mance and the 51mulator parameters for the spec1f1c task

EYPERIMENTAL FACTORS

. A llst of’ candldate facto S proposed for the flrst major
AWAVS experlment on daytlme carrier landing include the
‘following: nine simulator factors, three - task difficulty
(env1ronment) factors, and one pilot experlerce factor. These..

are. llsted on page29 ‘of. this repor

Each factor w1ll be - studled 1n1t1ally at two levels, or .
two.conditions. " The levels would be sét at practical. llmlts.m
of the operational space. - The two condltlons mlght be each of ~
_two alternatlves, selected: to- represent the.maximum range of
dlfflculty, or they might be’the. presence and’absence -of some .

_51mulator characteristic. Subsequently other levels could be.

added if they . 'exist and if the addition is’ warranted from an . .

- 1nterpretatlon of the data already collected.

EXPERIMENTAL SUBJFCTS o e '; N -,;5‘

- ' . o .' . . [
2

Pllots already capable of flylng the s1mulator with mlnlmum RS
tra1n1ng would be employed in the first . experlment. This is a- .
performance S udy,'not a transfer of tra1n1ng study. .Two groups

S
e
e 1




ST

%AVTRAEQUIPCEN 77-C-0065~-1

withvdistinct‘skill/experience levels would: be used. One would
haVe,practlcally no carrier-ianding experlence, the other would
. have nad cons1derable carrler landlng oxperlence

EXPERIMENTAL PLAN AND PROCEDURL

‘ The first step of the program is to 1dent1fy which are the .-
:critical factors in the long candidate list. The Strategy here'

- 1s to avoid wasc1ng ‘time and effort céllecting data about
,factors that have incidental or no effect on the particular
task. Factors are irncluded in the ‘candidate list bécause they
.are believed to 'play.a role in the’ general problem class; but
“only the experlment can determine to what extent each plays a
‘role for thespecific task under 1nVestlgatlon By qulckly
: and 1nexpens1vefy eliminating the” factors of little practlcal
_ importance, we can get on with the business of unaerstandlng
the effects of the critical factors
-, The 1dent1f1catlor process ¢an best be achleved through
the use of a "screening" design (Slmon, 1975, 1977a, 1977b).

Thére are several. ‘types of screening-plans that might be ,selec-’

ted deperding on the avallablllty of subject% and whether we..
‘1ntend te test each .subject on; all experimental conditions “or

“not. - It is impossible to dlscuss ‘here.all of the alternatlves_‘

‘Athat»must be considered by. the experlmenter and 'the nuances

- involved in selecting one. or the other. ' There is no cookbook
approach; the experimenter must - be knowledgeable about what' to
=cons1der, the alternatives avallable and the. consequences of
each decf31on ‘We will, by way  of 111ustratlon, select a
‘partlcular des1gn that" would permit .us to test'a pilot on all
experimental -conditions: without concern for the more common
trend effe~ts -~ linearx, quadratlc, and cuhic -- that might
.blas the effects of interest. ,If ‘skilled pﬁlots .are ‘used and
'-precautlons taken to minimize trial-to- triall carry-over
'effects, as an initial effort, such a study can prov1de an’

~ immediate. overview of the problem and prov1de clues as to what
the next step should be* .

2

) The data collect1on plan would be a Resolutlon IV des1gn
. of the form shown in Table 4 - that is capable of estlmatlng “the.

..main efifects of up to 16 -factors independently of. two factor . ' .

" interactions by .testing performance on 32 experlmental condl—,g
tiohs. The special feature of this part1cular screening plan
is . that the experlmental effects, e.g., of the simulatorrand-
;'the task dlfflculty factors, w1ll ‘be mlnlmallv blased 1f there

b

____-,_—-/ ) e . i ,_'
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- are linear, quadratiq, or cubic trend etfects (e.g., subject
learning; equipmient-drift) running through the data. .This
particular -Resolution IV screening design is said to be robust,
or registant, to trends (Simon; 1977a). St

Pilot experience may be treated as any other factor and

included within the experimental design, or as in this example,
may be introduced as an additional factor, outside of" and .
orthogonal- to the design.  The decision to:include an experi-

© mental factor within or outside the design -- for example, “task

difficulty factors might also be .added outside the screening
design ~- depends on logistical consideratjions balanced against’
economy and information quality. . In our ‘example, we will keep
~ the. twelve factors within the screening design and pilot exper.-
ience outside it. Thus, 'in this example, each pilot used will

. be tested on all 32 conditions, and at least one-high and one .

~ low experience pilot would be studied. f T -

.

7Bef¢ré continuing with the description of the experiment,
let us examine the characteristics of this particular 21%ﬁ7

screening deSignMJseE_Tab;em;iy ——There-are-32-different

exgerimental conditions purposely selected out of a possible
212 = 4096 in.the complete factorial. Each row of the experi-
mental design represents a-different experimental condition.

- The plus or minus sign in the column under- each factor {main
effects only) shows which of the: two levels the’expgrimentqr
.would use when setting up each condition. - Conditions are to
be run in the order shown. - } o) '

The considerations involved in handling Agltiple perfor-
© mance measures, the debendent variables, are/much jtoo compli-
_ . cated to _discuss. hére. Therefore, .for this example, we will-:
assume that a decision has been made and fo each condition a
- single or composite performance scdre has een obtained. The ..
: .experimental conditions are selected so thAt we base our
~estimate of the mean of each condition of each factor on 32
observations. We can estimate the main eéfect'of,eaCh'facth
' independently of one another and- of any ¥wo factor interaction:
‘Each mean, however, will be aliased wit a string of three .
- factor interactions. The effects of still higher-order *
interactions are also aliased with these effects but can be.
ignored since the probability that thef would have any. :
practical effect is negligible. Sincé the design is capable
. of handling up‘'to 16 factors and we will' use only twelve
columns, the design provides some information regarding .
strings of - three factor interactionsfnot_aliased with main .
effects. The effects of strings of{two factor .interactions -
.~ with eight.or fewer different interactions per string can be
- estimated independently of one another and of. the main and
~ three factor interaction effects. |This data provides clues /
regarding the presence of critical, two factor interactions.
In the screening phase, knowledge of interactions is only -
_important if it affects the selecqion or elimination of a
factor. ' : : - -

39
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- A prlme feature ‘of this. des;gn is the order in which the
experlmental conditions are presented to the subject for
. testlng They are ordered in the design so ‘that when the :
data is collected, no main effect will be biased by .any linear
‘or guadratic trend running throuqgh the ‘data and only two
would be affected trivially (l-or 2 percent)by a cubic trend,

" The actual ‘'values are shown below, the experlmental design in _
" Table 4. This is an important advantage when a single subject
. is tested serlally.- The resistance to trend occurs with. this

,de51gn without having to reduce the economy of the design by
adding more condltlons or counterbalanc1rg(the ones that are
“a ,used. . ' .

" If changlng the level of .a- factor is d1ff1cult or time"
consuming, then theé proposed experimental design per se. is
.;acumbersome In the AWAVS experlment changing the circuit

~ boards for the MTF of the carrier image may become very time

,consumlng since the equipment must be turned off during the
change and then warmed up after it has been turned on again;’
delay .can disrupt a subject's rapport.. Several methods are

LI

-—~ava1labie—to~handle~this~s1tuatlon~- One¥~the particularmfactormmwwnw

- could be pulled outside* thz -design and changed only a few
tlmes while the remalnlng factors are nested within it. Two,.
‘the’ design shown in Table 4 can be modified in a way that
will reduce the number of changes required. In- maklng this.
modlflcatlon, however, the degree to which the "désign is resis-
tant to trends is diminished slightly-' (Simon, 1977a). Three,
the . best meéthod, when feasible, is always to modify the’
equipment to6 simplify changing conditions. While possibly
initially costly, for any extended researfh program, it can be

o ]ustlfled by the sav1ngs in tlme and the 1mprovement in data
- em-..‘.,quallty P - . I . .

Analeis of the Firstﬂset of Data
Once the performancee at the 32 data, p01nts have been ,
measured for a single ‘pilot, whatever hlS experience level,
. the data can be analyzed.  This analy51s is extremely simple,
‘consisting of finding ‘the mean difference between‘high (+) |
and low (-) fconditions in each column. This can be ‘expedited
by using Yates' algorithm (Simon, 1977a). :
: 1
‘The results of such an analy51s i's illustrated (u51ng
fictitious data*). in Table 5. 1In thlS example the twelve

-

4 {

. "

The numbers were taken from an actual experiment, so they

‘do reflect what can be expected from a real experiment. How~
. ever, the context in which they appegar has been modified to
fit the example. :

40
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' j“TI’*..BI_,E 5. ANALYSIS. Ol l-'ICTITICUS AWAVS DATA I'ROM DESIGN IN TABLE 4.

1 2 ‘ 3
, .- _ 3 , " Cumulative
: o . : " Mean Eta ~ Proportion
. ) Rank : Difference  Squared . of Variance
; /(largest 1st) . Source _ (EEfect) m?) Accounted For'
31 E . S 23359 . .2662 - ' 2662
30, A L2422 - . ,1384 .4046 -
29 .G 2266 - . 1212 r .5258
28 t (AR, .. )% - 2266 L1212 .6470
T27 A F . L1797 . .0762 .7232
26 » : K ' L1172 .0324 .755%6
25 . AF,BC,DL,GI,IJ, .1172 .0324 ~.7880
- 24 7, v D. | . .1016 . . '.0244 .,  .8124
.23 ~ M,CE,FI,HK  =--.1016 .0244 - .8368
.22 AK,DE,GI,HJ - .1016 .. ' .0244 - ..8612
21 EL,FK,GJ,HI .1016 . .0244 ' ..8856
: 20 - AI,BE,FJ,GK -~ .lole *  .0244 .9100
19 : S . L0859 0174 +927
18 BK,DI,EG,JL. . .0703 . .0116 . .9390
‘17 " AE,BI,CJ,DK - .0703 .0116" - .9506
16 (ABK,...)* - .0547 ©.0070 .9576
5 i - ..0547 .0070 _ .9646
" 14 . (AEL,...)* . = .0547 . .0070 - .9716.
13 AB,CF,DG,EI,HL  .0391 .0036 - .9752
12 - AC,BF,DH,EJ,GL ~ 10391 -.0036 .9788 .,
11 - AH,BL,CD,FG,JK =~ .0391 .0036 .9824
10 o B - 3 - .0234 .0013 . .9837
© 9 J : .0234 © ...0013 - .9850
o 8 (AEH,...)* . .=..0234" . .. -,0013 -~  ..9863
7 BJ,CI,EF,KL =~ = .0234 - .0013 .98%6
6 ‘AL,BH,CG,DF .  .0234 .0013 .9889\ .
5 CK,DJ,EH,TL - .0234 - .0013 .. .9902
4 AD,BG,CH,EK,FL, - .0234 .0013 w9915
3 oc - .0078 - .0001 .9916
2 L " .0078 .0001 .9917
1 AG,BD,CL,FH, IK .0078 .0001 . .9918

\

* : .
Represents a string of three-factor interactions

am
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simulator -and task difficulty fa<t01s were 1ncludod in the
design and Lhe problem of level (hanqlnq has been solved with- -
" out mocuifying the design. We will examine the fictitious
results From a s1nale Dl]Ot tested on. a]l 32 condltlons.

The results in Table 5 llSted the effects of each source
of variance --- main, two factor anl three factor interaction
strings -- in order of their magnitude (Col. 1) The. proportion
of the total variance contributed by each independent source.
is shown in Col. 2. .The cumulative proportion accountlng for .

~all sources as each succeeding one is 1ncluded is shown in o
Col. 3. ' o

‘The 1nvest1gator must dec1dc whlth sources of variance

"are critical. Within some .reasonable limits he can probably
state what- mlnlmum size effect (differeénce) he considers to be
of practical importance. He will ordinarily have little .diffi-
culty eliminating those’very small effects that would be-

. considered trivial. -He can also recognize the. obviously
critical factors which have very large effects. Therefore, the
major problem for the 1nvest1qator is to-decide which of the

marginal effects. are to be con51dered important. Let us say
for this 1llustrat on that a mean difference (an effect) of less
than .10 is probably trivial. That would mean that Factors E,

‘A, and G are probably critical, while F and K are marginal for
this particular task (and thhln the limits set by the experi-

- ment) and.Factor D is right on the line*, If Col. 2 is examlned,-
‘we can see that Factor F accounts for approx1mately eight parentcf
the variance in this experiment and Factor K accounts for three
percent. ‘The other three (E, A, ‘and G) are)markedly. higher. ™ e

w;If we ‘examine Col. .3, .we--see- that for main effects only, if Factors

- Ey, A, G, F, K, and D are terms in a first order ‘polynomial, .the re-..

.'3resgégg would account for approx1mate1y 66 percent of the total "
' “If the effects of all sources up to ‘and’ 1nclud1ng Factor D

were included in a regre551on equation, we wauld account ‘for 81
"percent of the total variance. If all sources up. to and 1nclud1nq
' Factor K were ‘included in an’ equation which would. be essentlally
a first order polynomial with an additional term representing a
string of three factor 1nteractlons, we would account for 76 percent
of.- the performance variance in this experlment. The 76 percent re-
presents a multiple. correlation of .87, which is reaqxﬁabeasnxe it Is

"

*There are other considerations that would be involved .in
this 1nterpretatlon, too detailed to describe .here. . Once
again, the 1nvest1gator cannot analyze his data mechanlcally,
he must understand Lhe process- and apply 1t wisely. .
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based on five factors out of twelve originally believed impor- ©
tant by a group of experts, and in fact, represents a prediction
based on all 12 -- for this task, subject .type, and -within the
limits of the experimental conditions. .. ' : R

But we cannot .arbitrarily add or dismiss sources of
- .variance in this'way. We could make ourselvés "look good" by
) adding more and more, . though it would have 1ittle meaning !

‘operatianally. We nec. other c¢riteria to make our selection
at the point the differences approach the trivial ‘level and, the
proportion of: variance accounted for by each.new addition is

. small.. Although there'were no -replications.in the design by" -
which to estimate an .error variance (this will, be further
discussed later), we can use order statistics to ‘estimate what
the error variance is and whether an observed effect is larger

than one might'expect to find by. chance. .. -

.In Figure 2, a half—normal:plot is shown of all 31 éffects -

i

the 'mean differences -- of the study. The slant line represents
a normal distribution of a 'set of effects. All effects located
. to the right af this line would therefore be considered larger

—+than—-ene-might—expect by chance. It is clear that neither the
' effects of D'nor K in this study were larger than might have
~been expected Y -chance. The four factors E, A, G, and F, .
along with the string: of triple interactions, accounted for 72 pércent
of the variance, yielding a multiple correlation of .85+ .10. '
» The study would be.repeated using the pilots with differéent -
amounts of experience. Exanmination of both sets of results,
 separately and in combination, looking for patterns and for -
marked differences, would.be an-important-part of the analysis.

S : L, & S

» Having reached this point, an ‘investigator has ‘a number
of choices. ,If the only purposé of the experiment is to :
‘identify the critical  factors, we have come close to it already.
Whether or net Factor K or any of those with even smaller
effects would be used at the level(configpratioh)‘producing the
highest performance is no 'longer a decision based on performance.:
Since the differences in performance are marginal, costs and
technical considerations become the overriding criteria. In a
program such as AWAVS,!other criteria, e.g., transfer effec-
tiveness, can also determine which configuration would be used.

, ‘The first objective of this experiment has still not been
met until we have \afiswered a few more questions.; One of them |
is: What interaction(s) within" the string showing the large
composite effect actually accounted for that effect? It is
possible that that interaction might include a factor -that was
not one:of the four selected as critical. - 'In other words, before
we can be sure we-have not-omitted a critical factor, we should
collect. some additional-data to see which one of the triple
interactions in the string (listed in Table 6 ) was responsible
for the large effect. ' ' B
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_ Half Normal Plot of Experimental Data in Table 5.
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TABLE 6. THREE FACTOR {NTERACTIONS- IN THE
o . CRITICAL S$TKkIwG IN TABLE 5

ABJ ACI  AEF  'BCE CEF
CGK DGJ ~ DHI ~ 'EGH.  EIJ

' If we wish to isolate-the effects of each of these inter-
© “actions from-one another, we would have to collect performance
- data .at a minimum of .ten new coordinates, although for the
sake of balance, 16 would probably be used. However, we can’
. make some preliminary ‘guesses that might reduce the effort..
For example, if we only considered the -interactions that were
‘composed of some of the four factors that we knew were

critical, we ‘would only have to isolate

A

AEF .-
+ - This is also the one identified if we were to consider those’

; containing all factors in the upper -half of the plot. 'In this
way, if we find it does account for most of the observed effect
in’ that string, we'd not have ‘t¢ collect any more data. 1In

" theory, we could estimaté the.effect of the' AEF. interaction in.
‘the same way we estimated the effect of Factor A, by finding
two conditions, one of which represents the + - dition of _
Interaction AEF . and one which represents the.z/condition of AEF.
Obviously, conditions -aef and (1) would,serve~these_requiremeﬁféff_f

- Also abef and b, acef and ¢, abc¢def and bed, .and so forth.. 4
Several of these might be used to increase -the reliability of .
‘the estimate. : - : T . '

1 .

If the magnitude of the AEF effect did not correspond
~——With.-that-found-in the study - and one must allow some leeway
“for differences in. the. data collection process -- then one must
look further and ‘bégin to, suspect that the critical interaction
is a disordinal one. In this example,- however, it would be
highly unlikely that this were the. case, but:iif it were
necessary to isolate the remaining sources, a balanced plan
~ {(see Simon, 1973, pp 120-123) might be employed. ' 2

The chances are good that this quick approach will work.

- since most interactions found in the behavioral sciences are of
the ordinal type. " “n that case, tne large - interactions would '

be associated with the large effects and can be eliminated by
~rescaling the dependent variable. The less frequent disordinal
type of interaction'is the more important onae, with which the
~interaction may be large while the main effects making up

those interactions might appear trivial. Since these interac-

. _.tions cannot be -eliminated by some transformation of the™data;

@ .- - e S
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rthey are sometlmes referred to as "intrinsic" interactions. If
we wish to be certain that we have found all. critical main }
effects, we must be certain we have detected any that contr1b—

ute to disordinal interactions.

In this 'example, no str1ngs of two factor interactions |
were found to have critical effects, although the one set =
(lIocated in rank between 'Factors K and D) might be '‘a possible
candidate. Ordinarily, there is a greater chance of having a -

‘critical-two factor effect than a three factor effect. ‘It is
‘interesting to note that although this string did not show a
large effect,. interaction AF was in the str1ng -With Factors - »
A and F. and interaction AEF all large, it is not: surprising that

" the’ strlng with AF was also’ 1arge, -however, 1nspectlon of the-
half-normal plot (Figure 2) suggests that an effect of,this
-magnitude would probably have occurred by chance. - Whether in-
fact it did account.for. the proportion of var1anc§,s¥9Wn in

. the string would have. to be tested by the additio new
experimencal condltlons as was done in the case of the three
factor 1nteractlon - S o '

P

v

ThHe¥e 15 one pOlnt that should be , remembered in recard to
strings of interactions: it is poss1ble for two large effects
"to cancel cne anotner. While the chances are not necessarlly B
high, the investigator must be alert for that possibility. - The.
analysis‘'that should precede.an experlmental effort will often
supply the 1nvest1gator w1th the cues necessary to ant1c1pate
this sltuatJon ~ . ¥
, At this p01nt in the 1nvest1gatlon, we: should have 1dent1—
fied all of the critical factors out of the’ candidate group, °. .
1nclud1ng those that m1ght=have'been hldden within a dlsordlnal"‘

—interaction. The cost of-such an effort, to study 12 equ1pment
and environment factors plus pllot experience in the manner
proposed, would be the costs of collec¢ting data on. 2 x.32 = 64

‘observatlons, plus possibly an additional twenty -or so. '
‘observations. Had we decided to. make the subject
factor ~a part of the Resolution IV design, then the. study
might have been concludéd with ag few as 50 observations. 5
. Certainly this is sufficient to obtain the 1nformatlon of any
practlcal 1mportanée. :

About the only weakness at thlS ‘point- is in the assumptlon .
that two experience levels are sufficient to class1fy the pllots,
-and that all pilots within these two groups would in fact be
homogeneous. If they are, then" our expernment -insofar as
Obj ctive one 1is concerned, is complete. 'If they are not, it-

-is not the: de51gn .that is at fault, but the original plannlng,
for. the intent. is.to identify all critical factors including
pllot characterlstlcs that might . 1nfluence s1mulator des1gn.

(U : R

s : T

}
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More® pilots may have to be run in the latter case, but hot in

a Haphazard manner. Identification of the other pilot dimen-

.sions becomes a crucial issue, somewhat obligue to.the
- original objective but one which could influence- the interpreta-:
" tion of the results. 1In practlcc, it is hlghly unlikely that
only' one pllot of cach type would have been run; still it is
important that when more are included, it is because we wish to
extract more information,.not that we just wish to be redundant.

Obtaining a.geggonse Surface

A ‘response surface is merely a representdtlon of the

- multidimensional functions relating performance to the cr1t1cal
experlmental factors.. It is frequently represented by a
polynomial equation derived from. the experimental data. While
an equation can be written whether the factors are gqualitative -
or quantitative, continuous,or discrete, the concept. of a

- response surface implies that the varlables involved can be
described along % continuum.

. the prtmary AWAVs studvm'TS—Tt'naswbeen_planned. most
of the factors are either qualitative:or dichotomous and g
discrete quantltatlve factors, and as such, do not need to be
‘represented by a response surface. For all practical .purposes,
the experiment would stop when all the critical factors had
‘been identified and the best configuration identified. However,
for purposes of illustration, we shall continue this sectlon ‘ '
using the AWAV example to illustrate the steps involved if- we’
wished  to approximate the best fit of a response surface were
‘uthe variables of the approprlate type. . :

The -data from the screenlnq deslqn can be used_to wrlter e
an equatlon conta1n1ng only llnear terms: :

'§=- 543+ .168 E + 121A+'113G+ 090F— llBAEF

. with each coefflcnent equal to one-half the mean drfference for
_T;utbeAcorrespondlng_effect,.~The interaction AEF- 1s ‘a Iinear-
. interaction, i.e., linear A.x linear.E x linear.F. Before flnal
- acceptance, the res1dua1s from this equatlon should be analyzed
(Danlcl '1976).. .

-If an 1nvestlgaLor plans to develop a response surface,
he should include- center p01nts in his experimental design
.durlng the screening phase These.center points are. at co- .
ordinates (0, 0, 0, ...0, 0) in the center of the incomplete

- hypercube, defined by. the 212-7 fractional factorial.’ Several
measures at the center. woulll, be taken, preferably at equal
1ntervals along the 32 condltlon run. .Since we w1ll continue
this example and assume that the 12 factors . were 1n fact
agquantitative and contlnuous, we will have alréeady. rncluded
. center point measurements:of performance  at the beginning -and
.en1 of the 32 condition run and after the 8th, 1l6th, and 24th.
-conthlons, making a total of five center poinfs din all :
. "-\‘\\—-.

t
'




[ &

NAVTRAEQUIPCEN 77-C-0065-1

At this point, we do not know whether the linear equation
shown above adequately represents thc true response surface.
It is not uncommon to find the rélationship between performance L

~.and factor's in behavioral studies to be non-linear. The N
center point -data plov1des us, with an opportunity to test to
seée whether there is curvilinearity in the response surface,
for if all dimensions were collapsed onto a single dimension,
" we.would - have measures at three levels of each factor, enough
to test to see if a quadratlc rélationship would better descrlbe
- the data. 1If a Lack of Flt Test reveals that the linear ,
equatlon is not adequate, then. the *nvestlgator must be prepared
to collect more data : ,

s

His first goal is. to collect enouch data to write a second
degree polynomlal which would include all critical main
"effects, all critical two factor interactions, and all crltlcal
quadratic terms. 'In this study, we have already detérmined
‘that Tinear two factor interactions have probably only tr1v1al
effects and that there is one 1mportant linear triple inter-
action and so in that regard, we,are ahead of the game. Still
we will want to add some points to estimate the gquadratic
terms.. One data collection plan for this purpose is called a
"central-composite" design (Simon, 1970b, 1973, 1976a, 1977a,b).

‘ The classic.central-composite design is composed of a-2k-p“
+Resolution V factorial hypercube, a 2k star portion, and some
" center points, where k -equals the number of factors and p is - -,
thHe fraction of the complete factorial needed to satisfy the
‘,requlrements of a Resolutlon V design.  With that design all:
‘main effects and all /two factor interactions’ would be isolated
from' one another. ~The-screening- de51gn,’already completed
;mprov1ded s with a 212-7 Resolution.IV design in which all o
main effects weres/estimated independently of one another. and of
‘the. two. factor interactions, but within sets of independent T
strings, two .factor interactions were still aliased with one
another : Ordlnarlly the investigator might- collect more data
' to make the Resolution IV design a Resolution V design, or he
‘may find another solution that does not requlre more data.
There 1s such a solution in thlS example

From the resultq of the screenlng study, it had been _
COncJuded that only four factors were critical. If we were to

- drop all. letters. ‘representing the non- -~cri*tical factors from a .
c0mpleted de51gn in which all aliased two factor interactions

~are shown, i.e., Table Vv, we would find that the original .
212-7 Resolutlon iv de51gn becomes, for all practical purposes,' ~

‘a Resolution v+ design. = Had:-the three factor ‘interactions in '

. the strings been listed, it would have been seen that effects’
of a complete 29 factorial are estimated since all other’
effects were judged trivial. Note that the six possible. two
factor 1nteractlon texrms for the four: critical factors are al’
“estimated: 1ndependently of one another at ranks 25 (AF), 18/
(rc), 17(AE), 11(rG), 7 (EF), and 1 (AG). The effects of these

@
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" in this experiment were judged - to be-inconsequential. There~  —
forq,'althougb‘no more data has been collected,. we have, for
.all practical purposes, the Resolution V design fequired for
the fractional-Hypercube'portion of the central-composite
design. - o T o cos ' N
* In fact, 'if as a precaution in writing the response surface,
the investigator preferred to include Factor K in the equation,
albeit marginal, the existing data is still sufficient to esti-
mate the ten two-factor. interactions for these five factors,
all -independent of one another. ,The ‘additional two factor
interactions can be found at ranks 22 (aK), 21 (FK), 20 (GK),
.and -4 (EK). The remaining variances at ranks 24, 23, 19, 46, _
15, 14 .13, 12,-10, 9, 8, 6, 5, 3, and 2 would be combined to .
" make. up the "eryor" variance*. - . , : o

If we perform a Lack of Fit test —- ‘using the center points -

for this purpose -- and- find that a.test of the linear fit ‘is
. -poor, then data should be collected at the "star" points. to
estimate the coefficients of the guadratic terms for the five
factors. .These points are located af-cnoxdinates~#f&+—07070707%7*
(0, +« , 0,0,0,), .... (0,0,0,0, +a). The value of o depends on
Other features of the design, and a discussion of how it is -
\\ ' selected is too involved for this paper. The central-composite

design' cequires that the number of star points equal two times
the number of factors in the experiment. Therefore, if: the-
investigator decides to keep the five factors, he must collect
data at ‘a minimum of 2 kx 5 = 10 additional points. When ‘the .
tar points are combined with the points of the fractional
hypercube, and the center points in the screening design, five
~measurements will have-been ‘made along the scale for. each

fac @r; ‘While this;QQesﬁngtﬂproducewa;Sﬂﬁfactorial deSign,—the-

‘are located.so that estimates of the quadratic terms
can be\ obtained. - Lo ' " i I

- :Singce we presumably had identified all critical two and
three factor interactions during the screening phase by col-
~lecting data at:a_ total. of .32 (cube) plus 5 (center) plus“10
. (star) equals 47 experimental conditions, we have ‘approximated
‘the response\ surface for a five factor space. -waeﬁéf} it
" should be remembered that we began: with a 12 .factor space.of
which only the five had critical effects in. the particular task.
If the 12 fact 5 originally selected by the experts were ‘in |
fact the most likely candidates influencing performance on the
task under investigation, then this laboratory-derived equation
*.of-theﬂonly truly \critical five out of 12 factors should be -

w

e e g e S - " . » ] 7 7 o 7. .. . .
. _Actually theve ééxtained the higher-interaction terms.
required to complete th '25 factorial -- all shown to be
negligible. e : : ' '
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expected to predlct perfOLmance under operatlonal conditions
guite well. .A different responsc surface would Be derlved in

the same way for each pllot experience level 1nvestlgated

: . ' . X . v

(-

!VERIF;CATIQN AND FIDUCIAL LIMITS o - '-a‘h' R

Once an adequate equatlon has been derlved depending on

vthe tlmL .and resources available; the 1nvest1gator may wish to
“do two thlngs 1) to’ establlsh confidence limits, and 2) to
- verify the equation. THe first might be done by repllcatlng

the existing desiyn at select points --.a partial replication.

The second might be done by selecting combinations of - factors _
'where no.previous data had been taken to see 'if the equation e
~would prédict the results w1th1n acceptable confidence limits:

" The real. test for verifying the’ equation would be to cdllect

data under - field conditions to determlne how closely the eqgua-

tion would predict 1t Unmentioned in the above. dlscu551on, o

but critical in any holistic approach to a problem, is " the "

handling of uncontrollable variables. If they can't be . ,
;mnnlpulated _then- they should be. measured..and-their effects. .

1solatcd from the other data through some covarlance analy51s

50 52
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SFCTION VI

QUASI TRANSFER EXPERIMENTo
There has actually been very llttle research seeking fgnda~_
mental- pr1nc1ples of transfer for the pilot tra1n1ng situation.
Many studies have been conducted for the purpose of evaluatlng
- existing devices and .as such do not provide .the information
_,needed to optimize design. < Some studies performed with: the -
. intended. pyrpose of answering fundamental questions have been:
SO narrow ih their context that it would be foolhardy to.
generalize, beyond the condltlons of the particuliar experlment
. . PBxtrapolations -from the .results of classical transfer of
" training studies -- often on verbal materlal or overs1mp11f1ed
perceptual-motor, tasks -- cannot-be made with confidence, at
least insofar.as recommendations regarding specific design .
decisions are-concerned. . It is therefore desirable to -pursue.
- studies in the context of pilot training simulators such as ‘
. .AWAVS ‘that seek principles of transfer of training. For th1s
© purpose, quasi-transfer experiments can be consldered as an:
'economlcal but.effective approach to .useg.

quas1 transfer" experlment for the AWAVS program,is
.def1ned as, one in which performance is never measured under ,
Wreallstlc, i.e., non-simulation, condltlons For ’pilot training = ¢
this means that the experiment. would include no post- tra1n1ng
periods in whic¢h” performa:ice would be measured - in ‘the aircraft.
Instead,. an alternate -simulation conflguratlon would be used
' .to represent the flight condltlons

This- art1f1c1a11ty makes it neoessary to 1nterpret experl—* ----- -
mental results with caution. 'They may be used to’ understand
——the-transfer—of-: tﬁalnlngvproceSS*“but ‘'should not- be ‘the basis --

w1thout considerable experience and support data -- for -
-evaluating the transfer of training qualities of the . AWAVS
‘simulator. . Whatéever' differences exist between the s1mulator
oo ﬁconflguratlon rebresentlng the a1rcraft and -the actual a1rcraft
; .lr differences that.may not be evident. to the 1nvestlgator ==
Y*~cou;d serlouslyadlstort 1nterpretatlons regarding transfer from ~
7 the simulation éxperiment to the specific aircraft. - These
_ ,cons1deratlons, however, should not discdurage use of a simulator
" to understand condltlons affecting transfer of ‘training in-
.general. - In essence, we wauld use- the quasi- transfer experiment
to discover what transfer of a -particular nature, guantity, and
direction. (i.e., pesitive or negativeé) would-be éffected ‘by
spec1f1c s1mulator characteristics. Understanding these. things
- in depth would facilitate our ability to make better des1gn o
‘decisions in future s1mulatlon efforts, and help- us to plan ard
-conduct real transfer studles

¢

\\ .
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FIDELITY '\’ o T T e
‘No single: unproven pr1nc1plt domrnates the des1gn of . _
‘pilot training simulators more- than the “fldellty pr1nc1ple. oo

Th1s pr1nc1ple 1mp11e5\that ) o . . e

Transfer of tralnlng from s1mulator to
~aircraft is -a positive function of the . .-
: degree to’ whlch the simulator falthfully Lo Y

reflects the characterlstlcs of. the

’
r

;}alrcraft A o . o - 'f*(u
In Flgurcs 3A through 3¢, éraphlc rcpresentatlons of. this _'[- “-,5"‘
‘principle along-'with cost considerations phave been reproduced
from several reports on, this topic (Kron, 1970; Roscoe,’ 1975)

"That "fidelity" has never been adequately definé&d -has not o
deterred- the use of this principle which has its roots ‘in '
classical psychology studies .of: fransferJ "For some, - fldellty )

“implies phy51cal realism; for others it suggests’ ‘that p@ychol- .
ogical similarity ‘is- probably more important. On the other -
hand, some ‘such as ‘Caro’ (1973). ‘believe that how the simulator
1s used is more 1mportant for optlmlzlng transrer than the
degree of simulation reallsm. yoo _ P

3 .
O

L] v »

, Ev1dence that re alism is 1mportant is attrlbuted from:
appllcatlons of simulator tralnlng, as employed by the commercial
-airlines to train and upgrade, pllOt skills. There have alfgr
been’. component ‘studies (often under ‘simplified cond1t1ons)
.purport. to demonstrate the validity of the :prineciple. - . Otheft.* .
vcomponent ‘studies:purport to demonstrate -that - the principle does
o hold. Howevuer, valid the fldellty principle may be, ‘costs .-
- Btate-of-the-art of 51mulatlon place considerable pressure G
~on Ehose who design the simulators €6 move as far away from a ﬂ',f}'ff

R

hat

\

ffalthful reproduction: of réality as is compatlble with effective
training. 1In spite of  large outlays.'of money for research, no -
Aexperlment to ‘date- has provlded definitive answers. nor has ‘been' . .
-sufficient to/spec1fy those conditions under wtrich fldellfy is f}“
~required nor/to d1mcns1onallze ildellty into its comp051te T
parts and d monstrate the conditiors ~under, thch each oomponeuo“.
s 1mportant to transfer. T .

L

“Dlmens1on51121ng the Sltuaflon '

7

o Before the f;dellty prob]em can be attacked properly, ther
situation in which fidelity is to be: exaaned must be -more. ™ _
‘thorOUghly dimensivnalized than it has been in the past. .While .

- most .of’ these .characteristics have been recognlzed in dis-. :
cussions of fidelity; few investigators seem to .see fhe need to

" specify the part of..the multldrmcn51ona1 space which their .

experiment is intended to illuminate.  Human. behavror is , v
situwation specific. To ‘discuss "fldellty,ﬂ we must -discuss 1t .

- in the context. of ‘a s1tua+1on. Dlmen51ons of an AWAVS s1tuatlon'
1nclude :

-
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_Pilot. skill

Pilot éxperience/

e

L,

Task complexity/f
Simulator-mifsion ‘
simulator complexity (i.e., aircraft simulated)

Simulator ¢?mponent (e.g., visual system)
Other critical considerations include:

. f
. . - / .
- Training curriculae .
Instructon Sklll ' I - 0

Pertormance Frlterla

l

. . /”
Dimensionalizing Fidelity

- —~8imulation E¢delity has generally been evaluated ‘in terms of
known similarities between physical systems or on the basis of pilot
judgment. There havc been proposals wherein performance equiva-
lence on” a simulator and aircraft would be interpreted as
perceptual equlvalence, implying a measure of effective fidelity.

But these approaches have two weaknesses: 1) they presume that
fidelity i% a single entityesand simulator fidelity becomes a

gross meadure; 2) they don'%t answer whether or no faithful
sifmulation is a necessary feature at all. Celtalnly there are
recognized examples where a 51mpllflcatlon in some case oOr

increased difficuities in--others- have—been--sucecessfully: employed——wa--
to - lmprove\transfer of training. This implies that research in
fidelity should break fldeilty down into meanlngful parts and A
to ask the moré general- question: Under what conditions are

the: components; of fidelity important and under what conditions

are they not lP the tralnlng context'>

Some’ ex leeg iof the more obv1ously dlfferent ways- in Wthh

fidelity of e v1sual -or -motion simulation system can\be
dlmen51onallz d a7@ shown in Table 7. \\\<

o

1
I
- . . ~
— ¥ . . -

; o 3 v )
Experlmcnts ﬂ / T _ : . TN
e leen an;approprlate 51mulator* experlmental questions
relevantdto a'\dnderstandlng ofnfldellty and its effect on LT
transfer of t?/lnlng can’'be examined. - ; _ N

o I . 7 - ‘ ) . : ’ N,
A ‘ - . _ . ' \,
o What anV"approprlate 51mulator is will not be defined here. h
The_answer_JSLProbabl¥~pragmat1c____lt~w111mhe_approprlate.lf_Lt____—/
is- avallable/Lhas the degree of flexibility sultable for research,
~and rep1e$Lnf the AWAVS type tasks ! .
f T . //

a\‘

1)
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TABLE 7.

Type of Fidelity

Visual system:

Cont;nuous variables"
that may be decreased
or increased '

>

Spatial distortion

Temporal distortion

I ., Incompleteness

Cmission of objects.

. Omission of detail
Skeletal, pictorial
or symbolic

. Motion system:
Simplified model

Distbrted feel.

<

EXAMPLES OF DIMENSIONS OF FIDELITY
IN VISUAL AND MOTION SIMULATION SYSTEMS

Examples

Resolution; brightness,
contrast : ,

Size, shape, paﬁterns

Speed Oof response; lag
relative to compatible
motion system:

Realism of background content

Sea texture

Attention getters; emphasizers
' not found ‘in real world

ﬁircraft dynamics; omitted

' degrees of motion

Aircraft dynamics; motion
sinaesthetic cues

/

57
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How do reductions in fidelity affect system transfer? A .
_quasi-transfer .study might be conducted us1ng one simulator
.configuration to represent the real world, i.e., the aircraft,

and all other conflquratlons to reprecsent varylng degrees of
reduced fidelity’. . 1f preliminary studies relating fidelity to.
. performance were conducted first, an investigator might use’
that information in planning this study. Ordinarily the most
sophisticated simulator.configuration--might be used to repre-
sent the aircraft: on the other hand, for Certaln“classes of - -
variables, no part1Cular,configuration need be singled out.
Instead the study would be conducted to find out what happens.
to transfer when fidelity increases or decreases, when transfer
is positive or negative as a function of the psychophysical
character1st1cs of 'simulator components. .
N Experlmental designs described earlier for economically
operformlna large multifactor performance*studles might be
employed in these experiments. Subjects would be trained on
~simulator configuratlons differing in their fidelity and sub-
sequently teésted for transfer on- aﬁether—Simu%ater—eenéiguEation—————
representing the aircraft. 1In addition to providing a compre-
hensive picture of the transfer problem in complex simulation
and task situations, these studies would also provide a chance
to experience, evaluate, and learn more about proposed econom-
ical transfer designs prior to their use under "real" conditions.
Some experimental data collection plans, described later  in
Section VII, could be examined in a quasi-transfer study in
order to improve our transfer of training research methodology.
. \ - B - .

Novel Transfer of Training Des1gps

» Slmon~(l974) rev1ewed a class’ of experlmental des1gns,
called "change-over," "cross- -over," "carry-ovey," or "residual"
designs, - that might make the study-of'transfer principles more
economical if they were employed. Unlike the designs used in a
conventional transfer anerlment these permit a single subject -
to . bhe tested on a number.of conflguratlons ser1a11y,’wh11e
being able to measure the- res1dua1 effect carried over from one
configuration ‘to the one that follows it. The designs are
‘capable of 1solat1ng the direct effect of the configuration

- being tested on the particular trial from the residual . effect
carried over -- transferred -- from practice on a dlfferent
conflguratlon used on the prev1ous trlal

Th1s tlass -of: des1gn lends itself partlcularly to quasi-
transfer experiments,’ where the s1mu1ator can.be used for all
©the configurations under. investigation. Each counfiguration will
be preceded and followel by every other configuratlon, so that
at the”"end of the experiment, we. can,determine which configura-.
tion *has the largest average residual (transfer) effect on the
performance of the configuration that followed it. TIf there
- are 1nteractlons between direct and res1dua1 effects so"that
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the amount of transfer due to one configuration depends on

which particular configuration follows. it, then this too can be
analyzed, although the designs for this purpose’ are more compli-
cated. By having the configurations in the series vary in more
than one dimension, the relationships between simulator

Components,'fidelity, and transfer may eventually be determined.

Measuring sequential transfer is not completely new to
psychologists who have included "order" in - : ,
designs. In those cases, with only two conditions, A and B, to
. be studied, half -of—the subjeets—are—run_on order A to B, and

. half on B to A, and the effects evaluated. Ordinarily this has
. been done for cleansing rather than for informative reasons.

. . Change-over designs appear in two basic forms: » &
one requiring a number of subjects (where direct and residual
effects are balanced across subjects) and the other in.which\' ol
estimates  of residual effects are balanced within the responses
made by a single subject tested serially. '

. For example, here is a design in which four éxperimental
configurations that differ in their similarity to one another
. along a known dimension (or dimensions) might be used to
determine the amount of transfer that can be attributed tc
conditions A, B, C, and D: :

Subjects
v 1 II ITI IV
' 1 A B ¢ . D
Trial ~'l2 B+a D+b A+c c+d
(Period) 3 C+b A+d ~ D+a B+c
S, o' Dfc C+a _ B+d | A+b

Theﬁcapital'letters‘indicate which experimental condition

"(A,B,C, or D) is being tested., It's effect is referred to as
the "direct" effect. -But performance in these serial

" .presentations may also.be affeéted\by "residual" effects
-carried over from the previous. configuration, as indicated by’
-the small letters (a,b,c, and d). ﬁgrforméncé as it is
measured on any trial is the composite of both the direct and
residual effegt..The direct effects ‘are distributed.in the
., arrangement of a balanced Latin square with each condition’
Epreceding»andvfollowing'every.other condition (vertically)
¢ace -and only once, and also appearing once in each column
-and each row. Direct and residual- effects can be independently
estimated by adding a fifth trial .(row) in which the ‘condi-
__tions of the-fourth row are repeated: . ' .

o 5 D+¢ C+a " B+d A+b

57 -
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The total variance of thrs extra perlod des1gn can be partl—
tioned as follows: s

Subjects a ' o
Trials (periods) B o ‘
Direct effects . o '
Residual effects ‘ ‘ ‘
Error

" There are several variations on this plan (see Simon,; 1974).
~Its major limitation is .that . it assumes that the residual for
~any configuration (or condition) 1s constant irrespective of
what configuration follows it. For the most part, these
designs are not used factoriallg that is, the four conditions
ordlnarlly do not represent a 2 set of. oondltlons, although
there is no reason why they cannot - : o ”

Other desans are available when direct and res1dual
'cffects are assumed to interact. However, these des1gns have
“Thever really been optimized, have seldom been used, and : /
-ordinarily increase the amount of data collection requlred /
if we seriously wish to, develop new economical methods of study-
ing transfer, th1s class of design should not be overlooked. / b

/.
A different t’'pe.of des1gn, referred to as a serlallz /
~balanced sequence des1gn, can be used with a single subject
tested repeatedly on all experimental conditions. One example
for four conditions is:

> ’
B; BCAD; DCBA;. ABDC; CAD B;
BDAC; CDBA; ABCD; DACB

mpck offccts,dlrect effects, res1dual effects, and error can
be.estimated with designs'of this type although their effegts
“are not, always orthogonal. Sequences are® usually balanced
agalnst direct and residual interaction effects although in
_'the past these interactions have not been isolated. Both-
’serlal]y balanced, and carry-over designs can be. adapted to
measure rnot onily First res1dual but second ‘residual effects
hat occur two trlals after the dlrect effects were introduced.,
~« ; Where the—effort can be made at relatlvely low costs; an
attempt should be made to employ .,this class of design if for
ho other .reasorn than ‘to establish its value for the experlmental
.study.of transfer and simulator fidelity. If effective, it can
" represent a less expons1ve means' of learning something quickly
ahouat transfer. Tt is. apparent that these designs lend them~
selves to.@nly, certain problems, partlcularly ‘where training to .
use ‘the-simulator has taken place ] pr*or—rf—ﬁﬂﬁfiﬁﬁﬁﬁfﬁrﬁf—aﬁﬂ_______—
sufflces for . all conflguxatlons. For de51gns in- wh1ch the

’
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regldual cffects are assumed to ne additive to each dlrect e
effect, we would hope to find out which configuration is llkely
" to result in the highest overall effect being carried over to
the configurations that follow. The assumption is made that-on
a relative basis this would hold true were the real aircraft
involved. On the other hand, if designs are used in which
direct-by-residual interaction effects can be isolated, we may
- . distover more fundamental: relationships about fidelity' and
transfer. The only, way to evaluaie their effectiveness is to
try them. _ - . : : o

P

e

AWAVS AS A CRITERION DEVICE
i Although 1mplementatlon is still a future congideration,
planning might begin at this time regarding the use of AWAVS
as a criterion device for transfer of training research. This
means ‘that a particular c¢onfiguration of AWAVS, rather than an
actual aircraft, would be used to evaluate transfer in pilot
.~ training studles This approach is differentiated from that
found in the "quasi-transfer" studies proposed earlier by the
addition of an emnirical data collection effort to effectively
equate a simulator conflguratlon to .the aircraft. Only after
an AWAVS configuration is so equated can expcrlmental data
with the simulator substituted for the aircraft be interpreted
with confidence. One method of achieving this equivalence:
has been .proposed by Matheny (1974). Some effort ‘now might be
"devoted to a study to dlscover if such programs.have ever been
. implemented (and if so, their current status), and whether
.they might be improved upon, parflcularly in regard to 51mp11— .
———ficatton-and ‘econonmy . ' _ R
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SECTION VII \

LY

o1

e LCONOMICAL ‘DATA COLLECTION- DLANS FOR TRANSFER

OF TRAINING STUDIES FOR THE AWAVS PROGRAM
I

If the mult1factor approach is to be applled to transfer
of tra1n1ng research "(as-opposed to performance research) then
it is necessary. to find even more economlcal data collection
plans that are suitable for this class of problem. The cost.
of data. collection is intensified in a transfer of ‘training
study over that found in a performance study because each ex-
perlmental condition is first associated w1th an extensive o
training perlod in the simulator and later tested in flight in -
the aircraft. - Some ways of reducing this burden are suggested here
‘It should be noted, however, that these 1deas are still in a
conceptual stage, requiriry. empirical experlence to test them .
and turn them-into worklng plans, or to ult1mately discard them.
- € \
Two basic approaches are proposed for economlcally discover-
“ing s1mulator conflguraf1ons~onwwh1ch~transfer effecttveness-~ww~w~——~
should be hlgh These are: - \
—— \
a: one in which a complete and thorough mult1factor study
of simulator factors.is conducted us1ng pilots skilled
enough td fly the simulator without exténsive training.
This would be followed by a second, smaller and more
limited transfer of tralnlng study us1ng a second
‘ group of pilots with varylng degrees of exXperience on
. the parvicular task, who will be given SLmulator
‘ training before’ performlng in the aircraft. The per-
formance measures from the first study. would be
related mathematlcally to the transfer occurring in .
the second study.. The intent is to find .an equation
that will enable us to predlct and safely extrapolate

from the data least expen51ve to collect " e
. , "‘ . -

b. The other in which a transfer of tralnlng study is °
.conducted (without a prellmlnary per formance- experlment)
us1ng economical multifactor data collection plans
for the simulator tra1n1ng phase with equal or fewer
conditions tested later in the fllght phase Econony
is effected- through the use of sequentlal ‘data collec-

Q‘thn strategres and ‘the, reductlon of inrai craft tests.

In both approaches, the data collectlon effort is reduced
tand economy is effected) as the costs 1n time, money, and
udlfflculty of each phase, ——-performance, training, o fllght -
increases. A fundamentil- agssumption in the proposed approacheés
- is that a poor model of a_relatlvely,complete qultifactor study .
__Wlil g[ve nmore, dbbULdLU ard gacrul )féhiCLiunfuaca‘txan a
better model of a severely llmlted part of the overalll space.

-,
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A number of specific plans associated with each approach
can be conceptualizedmasthown—inwmabiQ—BT;wThQYAObViOuSly—Varyﬂw*f“
in cost and probably. effectiveness. Which one would be used
depends upon -the circumstances at the time, i.e., the available
resources (men and equipment), time, and above all the dedication
of those involved to. the fesearch effort. '

PERFORMANCE TO TRANSFER APPROACH (I)

These approaches all use the results of a.complete multifac-
. tor performance study to select or otherwise minimize the number
‘of conditions’ that neéd be included in 'a transfer of training
study. ' ' )

Sélected~Coﬁfigurations (Plan 1-A) E - : o

A complete multifactor performance experiment would be

performed first in the simulator. Pilots would be used who were

" sufficiently skilled to minimize an extensive training period
in order to fly the simulator. They would, howevery -fall—into- T
at least two groups with high and low. experience in making '
carrier landings. (or whatever the experimental task may -be) .
Two or more lévels of task difficulty would also be included.
‘Multifactor systematic screening designs in_the paradigm proposed

. by Simon (1977) " would be used Ffor thislstudy to make the data

"collection as ecoﬁoﬁicalfas,possfblé. Multiple performance - N
measures (i.e., dependent variables) relevant to the task which
could also be measured in the aircrafs: would be used. Additional

measures might also Le taken. - '

Next, a classic transfier of training experiment would -be-- — -
‘performed indépendently of thé performance study.. Néw pilots
would be selected, with'minimum ca.rier landing ‘experience,
but'with one group being high skill pilots and another being low

" :skill-pilots. They would .all be trained first in the simulator

. ~-and later tested in the aircraft in flight. : . S

v

, The particular cenfigurations to be used in the transfer.
-experiment would be baised on a study of the results of the
-performance experiment. For Plan 1-A no other use of the '
performance data (as- it relates'EO'thewtransfer:study).is planned.
THe purpose of this approach is to limit the number of configu-

- rations' to be used in the transfer of training study to only  the

g ﬁbstfiﬁtereSting. The exact number depends. on the resources, *

theinformation desired, and. any formal requirements of the

-experimental designl . -

Criteria for selecting"partidular”configuratibné might

include: - . _ .

.a.  Performance level aChipVad+mrﬂeﬁ£iqﬁf&fioﬁs—on*whichf***f__
g -high, low, and medium performance'.levels were;achieved
might be selected to See' to what extent transfer effec-
- tiveness correlates  with performance effectiveness.

4

T
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‘TABLE 8. APPROACHES TO ECONONICAL TRANSFER
| OF TRAT! WING RESEARCH '

| .
. " \ . ] - . 0

e f e e e o o

1. RSIATING PERFORMANCE 70 TRANSEER

Performance Studies . | Transfer of Training Studies
| " % (Simulator Tng, - ~ + Aircraft Flight)

!

High Skill Pilots - , \ Minimun Carrier Landing Experience Pilots
2) Minimum carrier landing "' a) ‘High skill pilots
| experience S B s
PILOT L | , -
TWPES ‘. ‘ o ¥
b} Maximm. carrier landing. | b) Low skill pilots ’
© experience . . : - '

\
a . "

Collect the"data required .~ W,PLAN l.A. -Select-a-few-simulator -configurations- to———

. to develop a full model = = - investigate on the basis of an examina-
APPROACH ~ multifactor simulation - ‘tion of the performance map. Include
' pexrformance map. ; L \  additional configurations of practlcal -
: : o & and sc1ent1f1c intorest related to simu-
N S lator design problems, With these do a

classie.transfer study.

.. PLAN 1-B. Systematlcally develop a transfer résponse
e surface using a fractional factoriil -

design of low resolution. Use it to pro--

vide criteria for writing a transfer- .
. predlttlon equatlon from performance data

: U Valldate
(continued) o
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TABLE 8, APPROACHES 0 ECONOMICAL, TRANSFER | |
OF THAINING RESEARCH (comt.) —~ - :

| , ‘
( . . - ~

11 DLRFORM LIMITED DIRECT TRANSFER CF TRATNING STUDIFS N | :

g

L . | ﬂ . Transfer of Tiaining Studies
y PILOT R R | Use low Skill pilots WIth no carrlex landlng
omPES o Lo | | expezlence (or whatever population the transfer
i ‘ - data is to be generalized to): -all receive .- g
| Lo simulator training ﬁlusvﬁlight time.
! ‘ : o5 '
" PLAN II-A. Use "new paradign" %or ecdnémicaf’data '
| | . collection to emp 1r1cally map a trans-
Yoo | | | /o - fer surface,.buildirg sequentially
| N ' Coh L o I each data point involving both tralnlng L
) APPROACH o oo and fllght time, untll an adequate

| / - '

4 1

j\ e e - ‘-Tw\ e s S /“ T T ' .- IﬂUQEJ. .Lb LEpIt‘bt‘IltEG
S - o | PLAN II-B. Use evolutionary operatioﬁal approach
o ! IV . . "to search for confiquration yielding
~ maximun transfer,

e "y PIANII-C. Develop full model, multifactor training
, o " 'map, but linit continuations to flight

N | " ° to aninimm fractional factbria design.
R . | - " Use the flight data to prov1de criteria
L o ' . “for writing a transfer- -prediction
| | / L - equation from training data. Validate.

NaIDITNOITILAYN
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'b. Engineering cost advantages. How much do simulator
- configurations on which peiformance levels are prac-
tically the’same but which differ considerably ia
production costs differ in transfer effectiveness?
. Is an increase in transfer actually cost effective

o from an endineering point of view? - v ;NIJ//
\C- Engineering’state-of-the-art advantages. Some confié‘ ol

urations produce reasonably adequate simulation and

acceptable in-simulator performance levels without

straining. the state-of-the-art.’ Other configurations

may require additional engineerina develooment to.

advance the state-of-the-art but may be less reliabie

and more costly to operate or maintain. How do they ,
. differ in regard to transfer effectiveness? - K

B

d. -Correspondence with ‘reality. To what extent does .
"fidelity" of simulation affect transfer effectiveness?
. 'If we select configurations that approximate reslity
e .well ‘and_not.well,’is transfer~effectiveness“markedIY"““0””Tf
S : different in the two cases? - : S -

e. "Scientific" knowledge. The investigator might:

*  Include any configurations that might increase his
understanding of. the transfer process, -particul@drly as
“to how it relates to the performance effectiveness. ..

&

- It is not. possible to list ‘all the detailed questions that'might ,
| .be investigated. -They will have to be determined by the pattern
- of the performance response surface, the imagination and:
curiosity“of the inve tigator, as-well as his knowladge of the
rroblem. Furthermore, such decisions will be limited by the
-time and money available’ for the follow-up transfer study.

The five criteria listed above are.probably not completely
orthogonal. :For.example;-tﬁe.most}realistic.configuraﬁion might -
be the most costly, the most . complex, and the most unreliable.
Still, they'are'representative'oﬁ-tbings_an investigator may
wish tc explore for the transfer problem. ~ . . T .

. The main advantage of this' plan-is that, .since it is not’
-- factorial in design, it does not/place restrictions .on"the
. number or composition of the configurations (conditions) that
will be examined,'::AS many configurations.as the investigator
wishes would be eXamihed:in'qkéﬁmple one-way ANOVA design; each
' configuration is treated as a qualitatively different condition.
- The disadvantages of this plan are 1) it-requires redundant' in-
formation to be ¢ollected; each condition must be repeated a
. sufficient number of times to provide some reliapility to the
means, and 2) the manne:_in-Which'COnfigurations"arejseiected.ﬁj,'

increases the chance that “important configuratians will be-
overlooked and important relationshipS'misged,_{This approach, .
at best, is a make-shift .one, -and certainly’ the -one least likely

to be effective. It is expedient, but wheré;long-rapgé planning.

- is possible, some\other_aﬁpqgach.shOUld?bgfemployed.

.

1
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.Performance—Transfer ?rediction Approach.(Plan I-B)

%

The purpose of this approach is to develop an equation Lhat
would predict transfer effectiveness from simulator performance
measuremcnt If a valid. pred1ctlon equation could be "astablished

-~—the—performance—data, which is less expensive to collect, would
be used to estimate the transfer effectiveness of conflguratlons
not :actually studied in the ~experiment and possibly of. other '
s1mulator conflguratlons 1nvolv1ng s1m11ar tasks :

With a group of skilled pilots', a multlfactor s1mulator _
performance study would be performed. Since excessive. simulator .
training would" not be required, this phase of the  plan should be ~

.- as c.mplete as possible.. This performance experiment is

o 1denc1cal in process and result with that obta1ned in Plan 1-A.

‘ The tran,fer phase of the plan would dlffer from Plan 1-A.
Training and.flight tests-would Le conducted by a different '
pilot on each configuration, biit the 'configurations: would be
-selected in a systenatic manner Lo (take advantage of the economy
offered by :.nternal replication rather than redundant repllcatlon“
of ‘the sam2 conditions. The intent would be to employ a minimum
fracticnal factorial plan to create a transfer map ‘over ,the same
experimental space that had been covered by- the performance map.
However, the transfer map would~ ‘be represented by a lower-order
" equation, and might only roughlyvapprox1mate the true transfer
response sur’aceé. .

/

Transfer data would be’ collected in a series of small blocks,

.i.e., differenyg small fractions of a total factorial. As each
block is collected, the sum total of data up to that p01nt would
be correlated with the complete data' from the performance maps
to see how, strong a relatlonshlp could be. found. Presumably as
the transfer response surface .is more completely approximated,
the more likely the relatiguship between it and the performance.
response surface can be used for- prediction purposes; However,u
the intent is to stop before too much transfer data has ‘heen
collected when additional 1mprovement seems unjustified for pre—‘
-diction’purposes. The assumption 1s made that even a poor
approximation of a rather complete multlfactor transfer surface
will ultlmately\enable a better predictiofl -- ‘'operationally --
from performance data than were a 11m1t°d transfer surface

"apprOXJmated : : ‘

At least two methods of relatlng the performance and
transfer data might be tried: 1) to correlate only the responses-
from corresponding conflguxatlons in both sets of data; 2) to
first use the collected transfer data 'to estimate transfer
values at configurations at which no empirical data had been
collected but which correspond to configurations used in the

' .
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performance s&udy; then correlat: cstimated and empirical transfer
data with p rFormance data. Other rcasonable var:atron on these’
techniques could be tried.: B The proportion of variance by which .
‘the two qourcpq of data ovnllap serves as an 1nd1catlon/of the
strength ct tFelr relatlonshlp

. Several bondltlons might oporate to make the rel tlonshlp
between the two sources low. One, the model of the. equation, from’ .
‘the transfer data ‘may not —- bccause of the small amgunt of 3lata .
allotted to that segment of’ the‘anesngatlon -- be complex:

enouyh order to make accurate egtimates. The sequential approach,
however, would allow the model to be built a block at a time
antil it is.optimized if the time. and money avalla?le permits

it. Two, there may be enough da,a, but in the wrong metric scale;
"data’ transformatlons would be required. .Three, other factors
than simulator. pérformance - may/afﬁcct the level of performance

in ‘the aircraft ‘and the transfef cffectiveness measure. THis
means tliat onge no further 1néremcnr Ain thewreiablonshlp can be -
achieved by erhan01ng the modbl of the transfer data, the in-=
vestigator willl ‘want to look ;for other factors such as 51mulator/
fidelity and jtask dlfflculty that might account kor unexplained -
sources .of variance. An impprtant part of thlsfstudy would be

- the validation of ‘the derived question. The transfer effective-
ness of other| configurationg would beé predicted|/and the predic-
‘tion checked empirically. | ....—

 Another factor that might account for the/low relationship,
if one is found, is the differente in the pilot populations
that were used to get the pérfornance and the jtransfer data.
Ordlnaraly mo%e skillful pl ots may be used in the 51mulator
‘per formance study when mininum training is- 1nvolved than in the
transfer study where extensiye training may bz needed. Problems |
of 1ntLLpretatLon might aris§ if conftquratlon ~by-pilot- ski11l/
éxpaerience 1nLetacL10no were \to occur but could not be isolated.
Therefore, unless all pilot combinations are/ to be included,
pilots from the same populaLl ns should be used for the perfor-
‘mance and transfer phases in this approach. /
/ I

Since we have had no experiience calculatlng these relatlon—

shlps, we must| be prepared fcr them to be low. While it seems
reasonable to expect some kind olf relatlonshlp to exist, even-
with other intérvening, covariant factors, /it may not be

.sufficient for| \prediction purposes. 1f it turns out that no
"relationship can be cstablished, that itself would be an impor-
tant finding. \ o \ ‘ '

«
LIMITED DIRECT TRANSFER APPROACH (!

—4
-

.

In this approach, no initial pprformance study would be
‘performed. Instead, we would start)immgdiately with a multifagtor
transfer of training axperiment us’ing the strateqy for economieal
data Gfllectioancscribed earliev fov the construction of a
perf{ormance mapJ '
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Compllete Transfer Surface (Planvil—h)
Al T : REE A T
- For a given pilot’ population and task, each pilot would
be-trained on a particular simulator configuration, after which
his performance in the air, would be tested. The .transfer
effectiveness of each pilot/configuration combination would be
calculated separately. The simulator configurations, represent- .
ing experimental conditions, would be selected and used according
to the "new paradigm" described ftor économical multifactor -
research by Simon (1977b). -To keep the study as inexpensive as .
‘ possible, the principles of sequential- data collection would be
.employed, starting with minimum-order designs, and progressing
until the model . adequately fits the responses. - However, the intent -
~of this plan is to create a conmplete transfer surface.,’ :

. .Initially, simulator configurations would be selected to
provide a Resolution III design. Theoretically, we can study
the effects of N simulator factors with N + 1 pilot/configura-

T tions if there are no interaction effects among factors. Since
' two, factorsinteractions are common in behavioralrresea;ch,4the
investigator wilil probably continue the data collection on
(N + 1) new pilot/configurations_in order to isolate main from
two factor ‘interaction effects. ' Of course, inspection of the
first block of data may negate or modify the second step. After
an*inspection of "the new data (combined with that from the first
"block), the investigator may wish to add other configurations to
determine a second order response surfadE”tf@ the factors are -
* quantitative and continuous and if that accurate a represen-
tatidn is justified). The investigator always has the option
of continuing or stopping. : :

_ The advantages of this approach are that it is direct,
——relatively uncomplicated, and. the most economical way Qf collec-
' ting data for the amount of information indicated. Since . each

data point is collected independently of“the others -- a dif-
ferent pilot/configuration being used on each -- scheduling and
other logistic problems are simplified. The immediate informa-
tion obtained is a measure of transfer effectiveness and the
response surface is a transfer surface., ' SR ”

. The disadvantage of this approach is that although the |
paradigm is- the least costly data collection plan for the amount
~of information obtained, being a transfer of tvaining study, it
1s still expensive. This approach does not offer the opportunity
- to develop equations thali-might permit predictions to be made °
from prior performance studies, which can usually be done far

more economically than a transfer study,'Qyt possibly not as
accurately. | E S !
[
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'Search—For— ptimum Transfer (11-1)

If many Ot the critical simulator fdctors were quantltatlve
and it werepossible to examinc¢ configurations at continuous
points between the extreme ranges of interest, then a search:
stratedy cmployed in industry to optimize productlon yields .
(EVOP) might be used. to search for the most transfer- effective
configuration. While many factors may not be quantitative or
continuous, .there are usually Sub-groups that can meet this’
qualification whlch might be investigated in a separate study
once a nore gross, overall transfer pattern has - -been developed.

The basic experlnental des1qn beglns much like a screenlng
design, being a %“-solution TIT 2k-p design. The main d1fference
is in. the range that is covered by each parameter of the des1gn
In screenlng designs, one tries to encompass the total effec- .
tive operatlonal range of the experimental variables immediately.
The assumption is made that this can beiestlmated and that the
relationships within® those limits can ordinarily be approximated
by a second degree polynomial. In search designs, the investi-
gator starts by looking at only a small part of the total space
"of interest. He tries to guess where an optimum might be, but
he does not ‘attempt to cover the total range. Instead, he looks
at a part of the total space and uses that data to estimate where -
to look next, each time approdching closer to where the optimum
configunmation for maximum transfer would lie:. This continues
untll he locates it. The method would be used when the surface
is too complex to be covered by a single design and the 1nvest1—
gator has llttle idea of where the optlmum might be.

A transfer of training study -- simulator tralnlng and
aircraft test -- would be performed at the minimum number of
conditions (i.e., simulatdr configurations) required to include.
all factors in a'Resolution III fractional factorial design.
Either the Box and Hunter or Plackett and Burman plans might be
used, the la:teér in <some cases requiring fewer data points.

The space encompassed by the experimental points would be only

a small part of the total space of operational interest. A
different pilot.would be tested on each condltlon The results
of this initial data collectlon effort, in the fotm of a first
order. polynomial, would be used to cstimate the direction, away
from ‘the space coveréed by the original study, in which the con-
flquratlon yielding the greatest amount of transfer is likely to
be found. (This, of-course, assumes that it is not within the’
‘'space originally examined.) A second set of observations (Reso-
lution III) would be made at new coordinates in that vicinity.
"This procedure would be repeated until the observatlons appear
to surround the location of maximum transfer

A disadvantage of this plan, ‘when it can be used, ‘is that
it seeks a point of optimum transfter. Seldom in human factors
work is a single point sufficient information, since design
decisions must often be compromises among performance, costs,
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‘and other practical considerations. At times, optlmum results

may take the ‘form af a'ridge of equal performance, in which case,
some trade-offs could be made. Were the effort worth it, a

response surface. might be completed for the space around the .
- optimum point. Additional data would have 6 be taken to fit

the surface to the model correctly representing the complex1ty
of the surface. T ' ‘ o

=Reduced—Elight,Predicted Transfer (II-C)

In this approach, economy is achieved by reducing the amount .
of Ellght data that would be required. This would be accomp-
lished in one of two ways: 1) to ‘predict transfer effectiveness
of simulator configurations that were never flight- tested by -
using equations representing the response surfaces that were
derived from transfer data (based on training and flight test)
made ‘on only a few configurations; 2) to predict transfer
effectiveness from performance data collected during the tralnlng
period after the relationship between: training performance and
flight performance has been established. These two approaches
employ fcatures that are similar to the .Search Approach and to
the Performance-Tr: =fer Prediction Approach. respectively

In both cases, complete transfer studies would be performed
on the c0nf1guratlons making up a Resolution III de51gn.’ If '
time and money limitations permit,. a higher resolutlon design '
would be.employed involving more experimental conditions.
Training performance data would be ,obtained, followed by the
flight test data. Transfer effectiveness values could be calcu-
lated for all of these configurations and a first order, linear

polynomial could be written from the transfe* data that could be
. used to predict transfer effectlveness for other configurations.

How accurate this prediction would’ ‘be depends on how well the
equation approximates the response surface. If.one st extrap-
olate beyond the boundaries of the orlglnal experlmegt\\pre—?
dictions could be qulte inaccurate. -

With that data frOm thlS limited study, however, the
1nvest1gator would have a second means of estimating transfer
effectlveness. & . could take performance measures collected at
dlfferent stages of the training phase and see how they correlate

- with performance in the alrcraft (or transfer effectiveness).

This correlation, as an equatlon, could also be used to predict
transfer effectiveness for othter configurations provided the"

training data were made avallable on those conflquratrons.

~

T of course, these doscrlptlons of both techniques are over-
51mp11f1ed - It is unlikely that high correélations will occur
without addltJonal work on the part of the 1nvest1gator. Quite
probably other parameters, e.g., fidelity, task difficulty, pilot
sklll/exporlence, would have to be introduced as multiple -pre-
dlctors to 1mprove the e,tlmatos of transfer effectlveness.

2 .
L
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i, s ¢t

'Perhaps the two measures comblned into a s;ngle equatlon might
provide a more accurate prediction. It may be that the

-prediction is only suitable for ranking a set of conflguratlons
but not. for measuring the actual amount of transfer. These are
all experimental questions that can only be answered empirically.
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SECTION VILI.

SOME UNFINISHED BUSINESS;— MEASPREMENTS AND CRITERIA

Certain guestions associated with performance and transfer
measures remaJn unanswered although the answers to each affect,
to some extent, the usefulness of the proposed methodologles as

. ~well as the very effectiveness of the AWAVS .human performance
. research program : .
. First, there is, the question of what performance measures
w1ll be taken on both the pnysical system and the pilot system’
The usefulness of the experlmenta] resialts depends on how - ;
relevant the measurements made in the experiment are to the
operational task. Mcre numbers, taken hecause they' are more:
‘expedient or conwenient, do not guarantee that the results ofi.
" the study will be useful or- even ¢orrect insofar as the opera-
tlonal situation is concerned. Will performance data:be’

-ava1}able_to~t&e-rnvestiqator dUYing "4 fun, Within moments
following the run, 'by the time a second pilot Jis to be run, ',
or wheén? Will there be the :capability of performing summary
analyses on the raw data? How quickly might -that be available?
Advanced ~xper‘mental methods are economical because of_ their"
sequentia. nature. - That means that they rely-on a process
whereby a small block of data is ‘collected and examined
(analyzedy to determine: if and what’ subsequent steps are- needed
+~ .If this process is delayed beyond the time it takes to set up
... for the next trial, the data collection period is,not only .

..drawn_out. 1neff1c1ently but_.the effects of-the-delay-on--the -
pilot could concelvably d1stort h1s performance\

. 4t

'\ Another problem related to measvrement in a transfer of.

{tralnlng study invoclves the ‘criterien of training employed.

Will t-e interpretation of tihe resalts differ if we use t1me to-

criterion, or-'if we use.equal numbcr of training trials, or if
the criteria we employ (as we should) are multiple response.
measures? Associated with these questions are others, such as:
how* does the use of different criteria affect the reliability
of the fresults, the logistic problems of runnlng the exper\ment,
and so forth° :

_ “A thlrd problem related to measurement has to do with the
préferred form of meas “<ment to be employed in -the analysis.
While we ‘are ultlmatel, 1nterested in transfer erfectlveness,
matlons of’ performance scores. It is neceSsary to discover

« whether predlctlons might be more.casily and accurately made if

more basic performance measures were employed, leaving particular

_transiormatlons up to the users of the data. For example, we

~may find that performance in the aircraft can be predicted from:

perlormance in the simulator more readily than transfer measure—
ments in the aircraft. Then again, we may not.

Q . | i'\‘._ ’,.. 71 7{5
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Measurement problems. are fundamental to any research -
conducted on transfer of training and to J.gnore them or assume .
that.previous research has resolved these ‘questions can only
_increase the rlsk that our experlmental efforts will fail.

i
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'GLOSSARY

ALIAS | , ., . ~ Screening and other fractional
; : factorial designs (see below)
do not isolate all main and . /
interaction effects from one
another. ' A comparison which
intends to isolate one effect
g . -may therefore also include
beo v : estimates: of others.. When two
A or more effects .are 100 percent
. ' confounded” in “this way, the ~ e
“effects -are said to be aliased.
The estimated effect is actually
the sum effect of the aliases.
(See -also, FRACTIONAL FACTORIAL
'DESIGN‘ CONFOUNDING).

" CHANGE-OVER DESIGNS : (Sometimes referred to as carry-
S ’ . S C ‘over, cross-over, or residual |
designs). These ex perlmental
o _ . de51gns are used when a subject
. : Do . : is tested sequentially ower a. .
' ' § number of experimental condi-
S - oo " tions. These designs are -con- -
. : o .~ structed so as to lsolate the
" , - _ o ~diréct effect of a treatment
e I o from any residual effectvthat
- ‘ ' may’ have been "carried over"
B .. from the previous treatment.
w : : " Change over designs are dis- .
S o tinguished from serially balanced
p ' o : - ’'Sequence designs in that the neces
T : I A ~ ' sary palance required to isolate
. ) . LT ‘ direct and residual effects is
T N ‘ - distributed among. a number of
s T L ‘ subjects in the change-over
S ' - - " design but 'is complete withln a
single subiect.for the serially
balanced sequence design. (See
also, SERIALLY BALANCED SEQUENCE
DESIGN) .

o
[

CONFQUNDING " . When estimates of the effects of
: : two or more sources of perfor-,
‘mance variance cannot .be com-
pletely isolated, either inten-.
tionally or through faulty ex-
perimental .acsign, the effects
. . - are said to be confounded. Con-
f//’,, - _ o , founding may range from some .
v o S . minimal percent up to. 100 percent.
' (~ee also- ALIAS)

s T .
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FACTOR LEVEL CHANGE NUMBER™ When experimental condltlons are
o= : o run seguentially, the level or
setting of each factor must be
changed from.time to time. 1In

e T

N o R screeninc designs,. the "change -
. A numbér”indicates the total num--
—— S ' . wber ofitimes a particular

o : S -~ factor must ‘be switched between
: - " its-high and low levels. It 1is
o - important in the. design cf an .
.. experiment when making the change .-
is difficult or'otherwise costly
e, ,,?'(See also SCREENING DFSIGN) |
FRACTIONAL FACTORIAML DESIGN . This experimental design is com- !
’ . ' _— / posed of some fractional subset ‘
o " of the total number of experi-
‘ : "mental conditions in the com-
IR f : 1. ‘plete factorial. It is employed
- ' when certain effects (geherally
: hlgher—oxder interactions) are
o o i .expected tobe. negllglble or non-
L ' " - - ] existent. 'Subsets of experimen-
R L ‘ - /" ;tal tonditions for the fraction . ,
1 . 7|~ are selected-:in a way that allows -
gt . : . " Y the comparison-for the negligible
\ ' . —_— ; effects to be us 7ed to measure the
\ , . " . ef¥ects of addltlonal factors.
st ' AE aliased with them.' Fractional
' g : T factorials of 'two levels are com--
: : mﬁnly designated in the form
, For example, a 28-4 v
. I fr cticnal facterial would be a-
s S o AN 277 or 1/16 fraction of a com-
R B : ‘ plete 2° faciorial. . That is, a
: ‘ , X " particular subset of 16 condi- .
o tions out'/ecf a total of 256 would
be used to study: elght factors
© -, at two levels each./: A "satu-.
g ‘rated" fractional factorial
. design is one in whlch there are
] n observations for n -1 maln
effects.

HALF-NORMAL PLOTS ‘ This graphic technique is useﬁvto
: S N identify’ vispally the Crltlpﬂl
: ¢ffects of 2 factorial or.-2
L ‘fractional factorial experlments
' that have been plotted in’'drder.
of absolute magnitude on half- | ' ‘
normal plotting paper. (See ‘
" jalso FRACTIUNAL FACTORIAL DESIGN) .

W
!
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- - HOLISTIC . =~ "~ -7 A philosophic point of vigw in :
. t ; . / :
'\ e the ccenduct of behavioyal experi-
L ;  ments that emphasizes /the: 1mpor—'
. o S tance:of’ accounting fOtr as many,
| » - . critical variables ag possible; -
o ° ‘ , whether equipment,. environment,
Ly - . subjéct, or ‘temporal, controlled
y S . ‘or uncontrolled. . Implementing
. . : - such a phllosophy ‘requires the
' ’ : Jappllcatloﬂ of. principles of
ot - economical multifactor -designs. .
- ' . (See also REDUCTTONISTIL)
l[ - - ?
MULTIFACTOR EXPERIMENT o As used in this report, a multi*
‘ . . . fac+or‘exper1ment is one which
: , _ . attempts 'to satisfy the holis-
- ' tic phllosophy Thus, a threeu;
" | .~ or even! five. factor “experiment
. - o (at the beqlnnlng of a research
N , Coe program)» while involving mul-
, PR ¥y °  tiple factors.’wpuld nét ordi-.
| ' o ¢ narily Ye b multifactor experi-
| L ment as the term is used berge.
_ - . 2 Compromyses with non—experlmen—l
N o . tal conQ1 ions surroundlng an,
v . . .. . .experlmen may make it 1mp0551— :
= - , : ble to[1P ludé- all potenttally .
: : ! ' o critical factors} but the ini-
. &,tial -emphasis will be on trylng
- to do Sj (See also HOLISTIC)

{ ORTHOGONALITY  _ .., * That property of an experlmental
T : 53\ , : design .which insures that the

, _ . different effects shall be capa-
o .- o bie of dlrect and separate: .
‘ . e estlmatlon without any- conﬁound—
o e -»° . ing. The sums. of squares of
: ' all effectg will be Jndependent
and addltlva (See. also CcoN--

f‘
| _FOUNDING) . ~
. - . - - & . : . ,
PERFORMANCE EXPERIMENT - .  __As the tdrm is used in this report,
) x , L .,ﬁff”-_fa,ke;formance//eper1meht ‘is one

P _ . that measures operator/system
,|- . © . . _performance under .ore set of
‘ conditions, presumably uninflu-

, S enced by amy! other prior condi-
T L - - .tions. MeaauIJng pilot perfor- .
N " - mance in a simulator with dif-.
T L . B o ference configurations ‘could be

_ an example of this type, as = .
- a o ~ opposed to another type referred
. . tojas a "transfer" experimeht.
81 Fe also, TRANSFER EXPERIMENT; - -
- a ASI-’I‘RANS R EXPERIMENT) ‘

R SN ~
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PRLNCIPLE OF PROPORTIONAL A necessary and suﬁficiént'cOndi—-
~/ F?EQUEJCIES ‘ : tion that the main effects of.

- two factors Ire uncorrelated is -
that the levels .of one factor

i ) ' ' . " .occur with each of the levels

\ of the other factor with pro- .

. _ . D | portional (not necessarily = -

s o .- . . -equal) frequency. sl el
"QUASIfTRANSFER.EXPERIMENT g\" This is. a transfer: experlmenf in - .

which performance is never . ,
. 'measured u.nder realistic, i. e.,'
o : non—31mulatlon, “conditions., s
. : _ S s ' For pilot traininc, this means
: ‘ ’ " that the experiment would- in-
- ¢lude no post-training -period_
in which performance was mea-
sured in the aircraft. Instead
an alternate 51mulatlcn_ﬂonflgu—f
+ "~ ration would be eﬁployed to
? ‘représent f£light condltlons\\\

J) PERFORMANQE EXPERIMENT)
,REDUCTIONISTIC = , A phwlosophlc pOJnt of view in
£ - . .- the ‘conduct of behavioral ex-.

: o perlments that - advocates’ Jreduc-
ing the varlables in an experi-
_ment to the smallest number T
possible. In its extreme form

the resulting experiment is

one in/which a single factor.

is varied and all-other sources
of variance are held. constant.
This philosophy iz in direct.' -
opposition to the holistic .
philosophy. (See.also HOLISTIC).

. RESOLUTTON R : A de51gn of" ”resolutlon R is one
, ‘ . ' | in which no p-factor effect is
S ' confounded with any other ef--
fect containing -fewer than R-p .
factors. The resolution of a
_ design is noted by the appro-
. _ - prlate Roman numeral as a sub--
: " script in the fractional fac-
. . . torial” deslqnatlon, e.g.
| | \ : ?8'4 design. R design of
- : \. , oo Re olution III does not con-
- X ‘ ‘ “found main effects with one
' - another, -but does confound
: : them with two-factor interac-
Ao . 78 +ions. A design prResqlution Iv.

" (See. also, TRANSFER EXPERIMENT'\ --}“
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i

RESOLUTION (Continued) S 1solates main effects from one
. v ‘ another and from two factor
. ‘ B interactions, but 'the two- -

: ' ’ : factor interactions are aliased
in strings. A design of Reso-
lution V isolates all main ef-
. ~ fects and all two-factor inter-
e ~ .actions from one another. 1In
e o . all screening designs, main

S L . effects and two-factor inter-
/ actions are confcunoeu with
higher order effects. (See
b3 «1lro, FRACTIONAL . FACTORIAL
DESIGN SCREENING DESIGN).

{

2

° RESPONSE SURFACE METHODOLOGY Thls refers to a particular’
' : - strategy introduced and pro- '
T moted by G.E.P. Box and .asso-
- L : ciates for conducting experi-
oo : S : ments- to obtain an equation
crot , . . . = . representing the response multi-
1 ; : ’ ' function, or surface. It is
not a design, per se, but the
judicious use of principles of
—_— o - blocking, fractional factorials,
_ T o and tests of mcdel ‘adequacy in
s ' , - N - a way that insures an accurate
' representation of performance
within the " experimental space
at minimal data collectlon cost..

te o AP LN S - C ' As used in this. report, it refers -
. § ’ R to a saturated or nearly sat-
-urated fractlonal factorlal
y _'de31gn capable of handling a
) o . _ | large number of’ factors. These-
[ S N . gdﬁ51gns are all of the form,"
o o R “P, ‘generally of Resolution
e R o 'III or Iv. The-1n1t1al infor-
L . . _ . ‘mation is first evaluated before
SUNRELET L -~ ' subsequent data are collected,
_ A . . the ‘purpose being only to iden~
e , S . e tify—the critical factors within
: ' ' a larger candidate group. Addi-
R tional 8ata must be collected
, . ordinarily to meet a second-and.
R . L -~ separate purpose, defining the
S 0 A response surface. (Sece also, -
R o , - ' : FRACTIONAL FACTORIAL DESIGN;
TR ~ SR ~RESOLUTION) | R

R U ) . . . L . .
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SLRIALLY SALANCED SEQULNCE A modified change-over design
DESIGN , for isolating direct and

, : residual effects, in which the

' ' neceésary balance occurs with-

in the extended number of
~trials run by a single subject.
'Thls‘contrastq with the change-
over de51gn 1n which the bal-
_ ) ance is obtalned among several
P ‘ o subjects each tested on fewer

7/ ) | trials. (See also CHAIIGE-OVER
/o | - DESIGNS). .
:/éINGLn FACTOR EXPERIMENT . This refers to the type of ex-

periment proposed by the
Reductlonlst As used in this.
- report, it need ﬁot be for one
S S ' : factor, but for any small
’ w7 : - number which is a seriously
' 1ncomplete number:of the po-
\ ‘ - tentially critical factors
g affecting the particular per—
i formance. - (See also REDUCTION-
‘ o ‘ ISTIC) ' ;
| : . . : A ST
| TRANSFER EXPERIMENT . 1In contract with a performance
b B ' ' ' B experiment; ‘as used here, this
, ) , o . . refers to oxperlments in which
’ - » interest centers on the resi-
dual effects -that practlce on
, , _ _ _ - one set of conditions has’

, o o “on. the performance of a.second
; ’ - set which follows. \(See also, "
' o .7 *  PERFORMANCE EXPERIMENT; QUASI-

- S . TRANSFER EXPERIMENT). |

‘ TﬁEND—ROBUST EFFECTS P : De51gns exist that 1sglate lrnear,
S L - quadratic, and/or cublc ‘trend "
; S . effects from experimental ef-
' ' fects of 1ntera§t Examples of
.  trend effec - are uubjeg
+ learning, or equlpment rift
over time. A trend- robusr ef-
fect is ‘one which is| not bi-
ased, or only mlnlmally biased,
N . ; ’ : . by trends runnlng through ‘the '
el e o data. »\ .
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